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ABSTRACT 
Scientific investigations to determine land use planning and interpretations for 
corn productivity potential in the Southern Highland Zone of Tanzania were conducted. 
The assessment of soils corn growth potential has been conducted in four selected pedons 
namely; Uyole, Mbimba, Inyala and Seatondale. Pedological, physical, chemical 
characterization and an attempt to develop the pedotransfer functions were done.  The 
results show that the soils have deep to very deep sola, subangular blocky structures, 
evidence of pedogenic clay movement, fine to coarse texture, bulk density ranged from 
0.79 to 1.46 g/cm
3
, pH ranged from slightly acidic to slightly alkaline, cation exchange 
capacity ranged from 16.0 to 36.4 cmol (+)/kg, percent base saturation ranged from 20.3 
to 121.6%, organic carbon from 0.13 to 1.52% and total N ranged from 0.01 to 0.11%. 
Extractable P ranged from 0.71 to 12.5mg/kg. Soil classes were Alfisols, Ultisols and 
Andisols according to USDA Taxonomic classification; and, Luvisols and Paeozems 
according to FAO world reference base soil classification system. The soils have shown 
low to medium fertility. Fertilizer application is required to supplement productivity. 
Three pedotransfer functions were developed for prediction of cation exchange capacity 
cmol (+)/kg, available water holding capacity (mm/m) and % soil organic carbon using 
the small data set available. The functions indicated good statistical power, a great 
potential of using large data set for precise prediction. Corn productivity indices were 
established through pedological characterization and soil classification that resulted in the 
following ratings: 72, 56, 62 and 48 for Uyole, Mbimba, Inyala and Seatondale 
respectively.  Three pedons namely Uyole, Mbimba and Inyala showed good pedogenic 
potential for corn productivity. Whereas, Seatondale pedon indicated high pedogenic 
limitations for corn productivity.  
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CHAPTER 1. GENERAL INTRODUCTION 
 
 General Rationale for the Study 
The Southern Highland Zone of Tanzania (SHZT) is a 190,000 km
2
 
pedologically-diverse region that serves as the breadbasket for Tanzania’s 45 million 
residents (URT National census, 2013 report). Its most important crop is corn (Zea mays), 
which is very much a nationally-important food crop while also being an important cash 
crop for the livestock industry.  Given Tanzania’s rapid population and economic growth 
the cropping demands being put on the soils of the SHZT will likely increase at an 
increasing rate.  As a result, a Tanzanian food-security need is to reduce uncertainties 
associated with pedology and corn production in the SHZT.  This thesis is a small step in 
that direction.   
 
 Corn Production 
Corn yield depends upon genetics, weather, inherent soil properties (i.e., 
pedology) and field management as well as how they interact (Woli et al., 2014).  The 
most important component of genetics is selecting and planting seeds whose genotype 
results in high yielding phenotypes that are environmentally suited.  As a result, plant 
breeders expend considerable effort in creating varieties that match local weather and soil 
conditions while also being able to capitalize on the management regime of a given 
farmer.  Weather – really, the atmosphere – has five critical components in corn growth.  
These are heat (measured as temperature), water from precipitation, sunlight, carbon 
dioxide, and an “empty” volume that readily receives oxygen and lets the plant freely 
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grow.  Each component is highly dynamic and interacts with the other ones as well as 
genetics, soils and management.  As a result, this thesis must simply generalize by noting  
(a) Optimal corn growth occurs in the 25° to 30° C range although reduced growth 
occurs when temperatures are as low as about 5° C and as high as about 35° C 
(Sanchez et al., 2014), and  
(b)  Precipitation, as an annual amount, should be more or less be equal to or no more 
than moderately exceed corn demands through the growing season.   
A myriad of pedological properties are recognized as important to corn production.  
These include epipedon thickness and organic carbon content (Fenton et al., 2005) type 
of structure and bulk density (Cucci et al., 2015), rooting depth and depth to restrictive 
horizons or zones (Singh, 2012), and texture (Tremblay et al., 2012).    
 
The role of management in corn production is to successfully select corn seeds 
with the appropriate genetics for the general weather and soil in a field. So, management, 
in this case, refers to everything a farmer does that allows the corn to grow differently 
than it would if left alone at a given place.  Examples of management activities include 
tillage regime, planting date, planting depth, seed spacing, row spacing, fertilization 
regime, pest management regime, harvest date and harvest method.   More involved 
management activities can include irrigation, site specific seed and fertilizer regimes, 
fumigation, etc.   In other words, management is pretty much everything except genetics, 
weather and pedology and management even plays a role with each of those since a 
farmer decides which seed (genetics) to plant, how to set up the planting (microclimate 
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effects), and how to manage the soil (with its potential corresponding erosion, organic 
matter loss or gains, P-accumulation or depletion, etc.). 
Given the preceding observations, two questions come in mind:   
(a) How much is yield at a site in the SHZT due to its pedology?   
(b) Can a simple quantitative equation be developed using pedological data that 
compares the inherent productivity of the various soils of the SHZT?   
To answer the preceding questions requires the assumption that it is reasonable to assume 
genetics; weather and management are consistent (or at least not differentially limiting) 
across sites. Such pedological characterization and development of corn soil productivity 
indices have been and are successful in many other locations in the world (Hopkins, 
1977; Johannsen et al., 1984; Johnson et al., 2010 and Ukaegbu et al., 2012). As the 
preceding cited works indicate, the technique provides the inherent value of a soil and 
site, which in turn allows development of best agricultural intervention of livelihood 
improvement. Productivity rating using pedology is an important technology to embed in 
agricultural overall land use planning as it dictates the rational use of land resources. The 
proper use of indices can catalyze the agricultural development, which in turn can help 
narrow down the food insecurity window at local, national and global scales. When the 
technology is properly used can make a significant impact in developing countries where 
food insecurity is a great challenge. It can help to alleviate not only food insecurity but 
also poverty. 
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 Location, Land Area and Corn Production 
Tanzania is a vast country in East Africa.  Its geographical coordinates are, more 
or less, latitudes 1
o
 00' S and 12
o
 00' S and longitudes 28
o
00' E and 41
o
 00' E. It owns 
various natural resources with the most important arguably being its vast land area.  It 
owns a total of 94.5 million ha, of which 44 million ha is suitable arable land (Paul and 
Thurlow, 2011). The land is suitable for production of many different annual and 
perennial crops.  However, this study focuses on corn because corn is both a staple food 
crop and commercial crop. Forty percent of the total corn produced in Tanzania comes 
from the Southern Highland Zone (SHZ), a very extensive zone with diverse soil 
properties, terrain, altitude and climate (Figure1&2). The current Tanzanian population is 
around 45 million people. The population growth rate of Tanzania is 2.7 percent (URT 
National census, 2013 report). Over 80% of Tanzanian household economy depends of 
agricultural activities (Paul and Thurlow, 2011). 
 
 Climate and Its Variability Across the Zones 
The climate in SHZ is variable and causes great ecological diversity in the zone.  
Pragmatically, this means a locale’s climate is generally identified using its ecosystem 
since there are few long term meteorological stations in the area. The zone receives 400-
3500 mm of annual rainfall range (Bisanda et al., 1998). The area is characterized by 
unimodal rainfall pattern, which starts in November and ends in May. Areas with altitude 
higher than 1200 m.a.s.l receive relatively higher rainfall than the areas with 900-1200 
m.a.s.l altitude range.  
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Figure 1: Soil map of Southern Highland Zone of Tanzania.  Source: FAO – soil map of 
Tanzania
  
 
 
 
 
Figure 2: Image showing the terrain and altitudes of SHZT. Satellite image from Google earth
 6
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 Objectives  
The purpose of this research was to evaluate the potential for advancing 
Tanzanian agriculture through development of soil indices that link local pedology with 
corn yield field station data and university research.  
1. To conduct pedological characterization of the selected corn production trial sites 
in Southern Highland Zone of Tanzania,   
2. Briefly evaluate three pedotransfer functions with the limited data herein, and 
3. To establish corn productivity potentials in selected areas of Southern Highland 
Zone of Tanzania.   
 Hypothesis for Soil’s Corn Productivity Potential of the SHZT 
Ho: The corn productivity in the Southern Highland Zone is readily predictable using the 
corn suitability equation (CSR2T) and there is a potential to develop the pedotransfer 
functions that can be used to estimate soil properties      
Ha1: Corn productivity in Southern Highland Zone is not readily predicted based on the 
corn suitability equation (CSR2T) because the equation’s factors are correlated to each 
other (i.e., they lack statistical independence). 
Ha2: There is no potential to develop the pedotransfer functions that can be used to 
estimate soil properties for the soils of SHZT. 
Ha3: Corn productivity in Southern Highland Zone is not readily predicted based on the 
corn suitability equation (CSR2T) because the equation’s factors are not the principal 
controllers for the region. 
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These hypotheses were tested using interaction of soil characterization and corn yields for 
four research stations in the Southern Highland Zone namely, Uyole, Mbimba, Inyala and 
Seatondale. 
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CHAPTER 2. LITERATURE REVIEW 
 
 Introduction 
In determining the soils’ potentials, it is crucial to know the pedology of the target 
area and looking at the soil forming factors (Hartemink, 2015; Jenny, 1941). Having the 
two in place can help to demonstrate the complex nature of the soils, in terms of the 
potentials and limitations for any use. The proper pedological characterization explains 
the soils’ origin, distribution and classification (Birkeland, 1984). The soil is a product of 
five soil forming factors, each factor affects the soil properties in its own way and hence, 
contributing to the potentials and limitations of the soil formed (Jenny, 1941). Turning 
pedological information into spatial information occurs when maps are made as part of a 
nation’s or state’s soil survey program.   A complete soil survey additionally gives 
interpretations for each soil map unit within it along with identifying each soil’s origin, 
distribution, classification and soil valuation.  
 
 Pedological Characterization 
Pedology is the branch of soil science that deals with soil formation, morphology, 
distribution and classification to facilitate the professional communication (Birkeland, 
1984; Hartemink, 2015). Soil formation is the complex interaction of different factors 
(Paul, 2014). The effect of each factor is variable depending on time and space.  Different 
pedogenic models can simplify the understanding of the soil formation and the associated 
properties.  Some of these models are complex but simplify the information. There are 
ways to describe the soil formation factors and organize them to describe the pedogenesis 
11 
 
 
 
 
(Smeck et al., 1983). The most popular model of soil formation is known as Hans Jenny’s 
state factor model. This model was first developed by Dokuchaev and well organized by 
Hans Jenny. The model describes that soil forms from the interplay of several state 
factors. Pedogenically every factors impacts soil formation process on its way and there 
is an interactive effect of more than one soil forming factor in soil formation and 
development. Thus, soil is a product of bio-physico-chemical weathering of parent 
material in connection to other factors namely; climate, organisms, relief and time 
(Jenny, 1941; Brady, 1990; Tan, 1995). Organization of soil information on the 
identification of the particular soil types, grouping of soils and classification of soils that 
occur in an area is what is called pedological characterization. The soils forming state 
factors highly influence the pedological characterization of soil in an area. The 
information obtained from pedological characterization, the accuracy and currency of the 
soil database play a key role in determination of the potentials and limitations for land 
use.  
 
 Factors of Soil Formation 
Soils form and develop from different materials. The exposure of parent material 
to different soil forming factors namely climate, biota, relief, and time result in formation 
and development of soils. Dokuchaev in 1898 described the interaction of these five soil 
forming factors. On top of Dokuchaev work, Hans Jenny in 1941 described quantitatively 
the same soil forming factors but in a well-organized soil forming model (Johnson, 
2000). The full elaboration on how each factor affects the soil formation is given below.  
12 
 
 
 
 
 
Parent material  
 
Parent material is the underlying unconsolidated organic and mineral material in 
which soil forms (Miller et al., 2008).  The changing parent material results into the 
lithosequence. Factors like texture, mineralogy, and stratification cause the variability of 
the parent materials and hence soils that form from such parent materials (Schaetzl, 
1991). Lithofunction is heavily influenced by other soil forming factors especially 
climate and biota, keeping parent material constant. The soil properties normally have 
inherent properties from the parent materials from which they form. Examples of such 
properties are color, texture, mineralogical composition, etc. (Ibrahim et al., 2011). Soil 
classification completely depends on parent materials based on the concept of 
weathering, things like granitic and loessial soils reflected the parent material from which 
they formed (Simonson, 1952). However, as the concept of pedogenesis evolved and 
understood among soil scientists, they realized that soil formation is variable in time and 
space, despite reflecting some properties from parent materials and was not correct to 
classify based on parent material alone (Schaetzl and Anderson, 2005). It is important to 
understand the time zero condition of the parent material for correct prediction of 
inherent potentials and limitations of the soils that form for various land uses. Example, 
acidic soil form from the acidic rocks, likewise for the alkaline soils derive from the 
alkaline rocks like basalts, diorite and gabbro, which upon weathering results into clay 
rich soils with high pH characteristics.  Such types of soils are rich in cations, which 
render them very fertile. The weathering of coarse textured parent materials result in 
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coarse textured soils. Also the organic parent materials result in the soils rich in organic 
matter (Brady, 2002). The nature, type and amount of soil mineralogy also depend on 
weathering processes and nature of parent materials from which the soil forms (Spector, 
2001).  Some soils derive from more than one parent materials. Such types of soils are 
called polygenetic soils. The nature of individual parent material influences the bio-
physical-chemical properties of such soils. Example, morphological and physical 
properties like thickness, consistence and texture (Van Wambeke, 1991; Meliyo, 1997). 
The most common parent materials widely distributed in the study area include granite, 
adamellite, porhyroblastice migmatitic biotite, hornblende gneiss, red brown sandy earth, 
trachyte, phonolite, quartzo-biotite, quartzo-felspathic- sillimanite gneiss, volcanic silts 
and conglomerates, biotite-garnet- gneiss, biotite-gneiss (Msanya et al., 1966). 
 
Climate 
 
Climate is the record of weather conditions of an area over a long period of time 
(Lovejoy, 2013). It is one of the active factors affecting pedogenesis, next to biota and is 
the most important factor perhaps more than parent material due to its role in soil 
development process (Singer and Fine, 1989). It has been used as one of the factors 
guiding soil classification.  Example, Aridisols and Gelisols are classified based on the 
climates of the area impacting the soil formation. The soil formation process is more 
intensive in humid areas than in the arid areas. The weathering degree of parent material 
is highly dependent of the climate of the place the parent material is exposed (Brady, 
2002). Weathering of the parent material into soils is a function of amount of 
precipitation an area received and temperature. The two climate variables are key players 
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of soil formation process. Climate influences the effect of biota on soil formation. Often, 
climate of an area determines the biosequence “Climo-biosequence effect” and its 
influence in soil formations (Schaetzl and Anderson, 2005). These effects are subject to 
temporal and spatial variability due to forces driving the climate at different scales.  
Those sequences are eventually affecting the rate of pedogenesis and the pedogenic 
properties of the soils that form. However, it is generally difficult to see the effect of 
climate as a single indicator of pedogenesis, for example the effect in clay or 
mineralogical dynamics in small scale.  Often the climate effects are studied over large 
areas. It makes it easy to capture climo-sequence effects on pedogenesis. The soils and 
vegetation distributions across the region depend on the amount of precipitation, 
temperature and elevation across the region (macro-climate). Climate affects the 
decomposition of litter, which in turn affects the release of nutrients and the entire 
biogeochemical cycle. The optimal climatic conditions are favorable for soil formation 
process as they support the proliferation of microbial communities that are essential for 
soil formation and development. Adverse climate conditions disrupt the soil formation 
processes. For every 1000 m rise the temperature drops by 6.4ºC (Schaetzl and Anderson, 
2005). Chemical weathering of the parent material is highly influenced by soil 
temperature; there is rapid chemical weathering of the parent material under warm moist 
conditions. These conditions accelerate the biological decomposition and biota 
succession in those areas. The converse is true for the cold or polar areas. Rainfall 
mediates leaching and dissolution of minerals and carries them deep into the soil profile.  
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Biota 
 
Biota is one among the five soil forming state factors according to Hans Jenny’s 
soil formation model. Biota includes natural vegetation of the site. It also includes 
organisms found in the soils and their influence in soil formation and structural 
aggregation. It influences the primary interpretation of biochemical status of the soils, 
especially nitrogen and organic matter contents as they relate to plant succession likely to 
occur in a particular ecosystem (Jenny, 1941; Siddiky, 2012).  The influence of plants 
and animals on soil formation is hard to precisely separate as they act interactively in 
impacting soil formation process (Schaetzl and Anderson, 2005). Biota is a good pool for 
organic matter in the soil.  It influences soil structure development and improve water 
retention capacity of the soils.  
 
Primary succession occurring in an area impacts soil formation through physical 
and chemical weathering of parent materials. Disturbances that happen in established 
plant and animal ecosystems result in series of biosequences that have complicated 
implications in pedogenesis (Croker, 1952). Example, the soil development in mountain 
ranges varies depending on the vegetation distribution and altitudes where the vegetation 
occurs; high altitude areas are likely to receive more precipitation. Since, the predominant 
vegetation like alpine forests make them more humid and moist, the conditions that 
accelerate soil formation.  The deep root plants are better agents of biological weathering 
than shallow roots plants. The litter upon decomposition act as cementing materials hence 
enhance soil structure development. The biogeochemical cycling is higher in the forest 
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areas and the soils developed in those areas are normally richer in nutrients than the soils 
in arid areas.  
 
Microbial pedoturbation of soils impacts the soil development; mixing and 
nutrient dynamics accelerates profile development (Brady, 2002). They also impact the 
soil structure development by production of organic matter that acts as cementing 
materials of soil particles. The organic matter improve the water moisture regime of the 
soil. Soils’ organic matter produced through decomposition of plant material and other 
organisms help in improving the water and nutrient holding capacity of the soils.  
 
Relief 
 
Relief is a reflection of the shapes and geometry of earth’s surface at different 
scales, it is explained in terms of elevation, slope and landscape position (Schaetzl and 
Anderson, 2005).   In impacting soil formation it is associated with other sub-factors such 
as soil moisture, oxidation degree within the water table zone and variation in vegetation 
(Simonson and Boersma, 1972). The effects of relief in soil formation are called catena. 
The degree of soil formation is determined by the landscape position whether it is a 
summit, shoulder, backslope, footslope or toeslope. Relief is the reason for most variation 
is soils of an area. It determines the distribution and redistribution of matter and energy 
(Schaetzl and Anderson, 2005). The impact of relief on factors like water movement is 
what makes it very important in soil formation and how it impacts soil properties.  The 
relationship between relief/topography can easily be demonstrated by study of catena, a 
soil transect from the summit of the hill to base of the hill (Sommer and Schlichting, 
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1997).  Relief causes intra and inter soil profile differences; it drives the translocation and 
transformation of matter and energy (Simonson, 1959) hence dictating degree of 
pedogenesis towards soil development.  
 
Variability of soil properties in catena is driven by two main factors namely slope 
which impact the movement of materials like litter and sediments. The running water 
causes erosion of shoulder and backslope areas and transports the load it carries towards 
footslope and toeslope areas where deposition of the load occurs.  Another factor is water 
table effects. The fluctuation of water table is highly influenced by factors like overland 
flow, lateral subsurface flow, vertical infiltration and seepage, all are related to relief. A 
soil profile is normally well developed in a gently slope compared to the steep slope. 
Since there is more material and energy movement in steep slopes than in the gently 
slope which adversely impacts weathering and soil development processes (Schaetzl and 
Anderson, 2005).  
 
Relief is also related to the moisture characteristics of areas. Amount of rainfall a 
particular area receives depends on the elevation and relief. High altitude and 
mountainous areas are likely to receive more rainfall than the low altitude and flat areas. 
Whereas temperature drops as the elevation increases. The runoff, surface movement of 
materials eroded and infiltration, which drives the vertical movement of materials, highly 
affect the soil development of an area (Brady, 2002).  
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Time 
 
When a parent material is exposed, it requires time for all other soil forming 
factors to play their roles for the soil to form (Brady, 2002). Chronosequences drive the 
soil profile development. Time factor results to the classification of young soils for 
example Entisols and old soils like Oxisols. The young soils are limited in terms of soil 
horizons’ development whereas old soils have well developed horizons.  Time determines 
the life cycle of soils. As the time increases, the effect of soil forming factors on the 
parent material increases as well.  Thus, the ones regarded as young soils become old or 
mature soil with well-developed soil profile (Forth, 1984). The lithosequence also 
impacts the soil development process. This happens when the well-developed soil profile 
is buried with another parent materials example the alluvial sediment. The soil formation 
is constantly changing as the landscape and relief change in accordance with the effects 
of the other soil forming factors and sub factors.  
 
Soil and Soil Surveys of Tanzania 
 The country is characterized by different landforms and landscapes. The highest 
elevation being the summit of Mount Kilimanjaro about 5900 m.a.s.l. The lowest being 
the floor depth of Lake Tanganyika about 358 m.a.s.l (Msanya et al., 2002). It is 
characterized by a tropical climate. However, the climate changes from tropical to 
temperate nature towards the high elevations like the summit of Mount Kilimanjaro 
(Msanya and Magoggo, 1993; Msanya et al., 2002). 
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Many pedological characterizations have been done since 1930’s. The first 
exploratory soil survey was reported to be done by Milne in 1936 (Msanya et al., 2002). 
In this work, soil description was done across a transect from north of Dar es Salaam to 
Kigoma where the landforms, soils and vegetation types were identified in the 
reconnaissance. In Milne’s work, soils of Tanzania were classified into nine groups: 
volcanic soils, plain soils, saline soils, podzolized soils, desert soils, non-laterized and red 
earth, laterized red earth, plateau soils and loose sands (Wickama, 1997). The challenge 
of Milne’s work was the limited analytical data and the classification being too general. 
However, Milne very importantly introduced the concept of catena with his research in 
Tanzania (where he convincingly demonstrated the soil-landscape relationship in 
connection with changing relief and drainage conditions) (Msanya et al., 2002). 
 
After Milne’s study, other scholars namely D'Hoore (1964), Samki (1977) and 
many others took different pathways to build on Milne’s work. Based on the catena 
concept, the soil map of Tanzania developed differentiated by two pedogenic processes 
namely eluviation and illuviation. The major limitations of this work were the too small 
map scale which was 1: 4 000 000 which compromised the prediction power of the soil 
map and none representativeness of the sampled or study areas. They only worked with 
the most accessible areas (Wickama, 1997).   
 
The production of East Africa regional soil map by Scott (1963) took Milne’s 
catena approach (Msanya and Magoggo, 1993). This work also suffered the limitation of 
small scale. The detailed attempt for classification of soils of Tanzania based on drainage 
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and relief properties using Milne’s catena approach was limited by non-
representativeness of the soils of all parts of the country, hence the extrapolative power.  
 
The soil classification works kept improving with time. Land resource and 
classification of Tanzanian soils came up with four zones and 31 units (Baker, 1970). 
This classification improved on extrapolative power of the soils of Tanzania. Soil maps 
were produced at the scale of 1:2 000 000 for entire country and 1:1 000 000 at the zone 
level. However, the work only used 40 soil profiles, which limits its trustworthiness 
(Wickama, 1997).  The works of Hathout, (1972b, 1972c, 1973a) at the scale of 1:2 000 
000 and 1:2 500 000 classified soils based on soil color, parent material, soil texture and 
drainage towards soil mapping. Soils of Tanzania were also classified based on 
ecological criteria (Samki, 1972). He looked at the effect of rainfall and parent material in 
soil formation and development, eventually classification of such soils.  
 
Corn Production Requirements  
East Africa corn (Zea mays L.) ecological growth requirements include; well 
distributed rainfall ranging between 600 – 1200 mm (Acland, 1971). It is a drought 
sensitive crop (Young, 1976). It has adaptation to a wide range of soil requirements 
ranging from sands to heavy clays, deep, well drained and structured (ILACO, 1985). 
Shallow and poor water retaining soils provide limitation to maize productivity due to a 
drought hazard and low nutrient supplies (Young, 1976). Corn requires permeable soils 
with high organic matter content and optimal nutrient supply (ILACO, 1985; Young, 
1976). It is susceptible to flooding and erosion (Acland, 1971; Norman et al., 1984; 
ILACO, 1985). 
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Corn grows well in soil with pH ranging between 6.0 and 7.0 (Young, 1976). 
Soils with pH <5 are not suitable for corn productions (Young, 1976). This could 
probably be due to high levels of exchangeable Al in acid soils that can cause Al toxicity 
(Norman et al., 1984). In the tropics the soils with observed high potential for corn 
productivity include: Oxisols, Ultisols, Alfisols and Inceptisols (Norman et al., 1984). 
However, maize production in the acid and highly weathered soils is commonly limited 
by nutrients deficiency.  
 
Effects of Soil Erosion on Productivity 
Erosion is a serious land degradation process for agricultural set up in Africa (Lal, 
1995). There is variety of negative effects of soil erosion on soil potential for crop 
productivity; reduction of solum depth and potential rooting depth, depletion of soil 
organic matter content, depletion of nutrient availability, irregular removal of A horizon, 
exposure and mixing of A horizon with B horizon; normally the subsoil have weak 
physical, biological and chemical properties (Lal, 1998).  The average crop yield 
reduction prediction due to past data on soil erosion for sub-Saharan Africa is estimated 
to be 8.2% (Lal, 1995). 
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 Abstract 
To study the soil of Southern Highland Zone of Tanzania four representative 
pedons of some landscapes were characterized. Their names and identifiers are 
Seatondale, Mbimba, Inyala, and Uyole areas and named TzSea 01, TzMb 02, TzIny 03, 
and TzUy04, respectively. The pedons were formed from the weathering of colluvial 
igneous rocks, alluvium brown, eluvial soils, laterite and lacustrine sand and silts, 
andesitic, pumice, eolian deposits, metamorphic rocks; coarse grained and strongly 
foliated biotite gneiss for the respective sites.  Twenty soil samples were taken for 
laboratory characterization.  In addition to classical horizon by horizon descriptions and 
laboratory analyses, 12 core samples were taken for soil-water retention characterization. 
The available water holding capacity was rated as very low to low.  Pedon descriptions 
and particle size analysis showed clay eluviation-illuviation was the predominant 
pedogenic process in all pedons. Soil pH was as rated slightly acidic to slightly alkaline. 
Available P ranged from 0.71 mg/kg at Mbimba to 10.67 at Seatondale. C/N ratios 
ranged between 6 and 18, total nitrogen rated very low to low in both A horizons and B 
horizons. CECsoil ranged between 17.2 and 36.4 cmol (+)/kg. Organic carbon rated very 
low to high. The soils developed from extreme and moderate weathering of the parent 
materials. According to the USDA Soil Taxonomy, the pedons classified as Fine, illitic, 
active, isothermic  Typic Hapludult; Fine, illitic, active, isothermic Andic Paleudalf; 
Fine, illitic, active, isothermic Mollic Paleudalf; Pumiceous, mixed, superactive, 
isothermic Typic Hapludand for Seatondale, Mbimba, Inyala, and Uyole, respectively. 
The sola depths were observed to be deep and very deep.  Moisture   stress and low levels 
of some macro elements highly limit the productivity of the soils. 
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 Introduction 
The soils, landscapes and landforms of Tanzania are diverse. The major terrain 
features include Mounts Kilimanjaro, Ngorongoro, Rungwe, Meru active and dormant 
volcanoes, the Great Rift Valley, Udzungwa, Kipengere and Livingstone mountain 
ranges of varying origins such as tectonic block and fold systems, coastal plains, interior 
plains, tectonic lakes with associated lake plains and terraces as well as Great Ruaha, 
Rufiji, Ruvu, Pangani and Malagalasi major rivers, each of which has a sizeable 
floodplain, terrace delta system. Each of these features is geomorphically active, which 
results in a wide range of local terrain features including alluvial fans, abandoned 
oxbows, sand dunes, landslide scars and rotational slumps, etc. As a result, the 
pedological perspective of Tanzania is one of tremendous regional and local parent 
material variation including alluvium and colluvium, volcanic ash, aeolian sands as well 
as seemingly every type of rock known to geology (Brekke et al., 1996).  
 
There is a great precipitation variation across Tanzania, in large part caused by the 
mountain ranges and elevation variation.  In general the precipitation increases with 
increase in elevation across the country, the highlands receive mean annual rainfall 
ranging 100 to 2300mm. The central and coastal parts receive rainfall between 800 and 
1200mm.  The mean annual temperature differs with location, relief and elevation. It 
ranges between 27
o
C and 29
o
C in coastal regions and offshore, 20
o
C and 30
o
C in central, 
northern and western parts, less than 15
o
C for the highlands (National Adaptation 
Programme of Action for Tanzania-NAPA, 2006).  
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Biota also varies with elevation. The highlands are dominated by savannah and 
tropical forest in altitude >1500 m asl. The transition to lowland and lowlands are 
characterized by Baobab trees, grassland, Mangrove forest, etc. (NAPA, 2006).  
 
Based on precipitation patterns, altitude, average water holding capacity and growing 
seasons, soils and landscapes, Tanzania is divided into 7 agro-ecological zones. Southern 
Highland Zone belongs to AEZ 5, which extends from Morogoro to Lake Nyasa covering 
Iringa and Mbeya in the South. Ufipa plateau of Sumbawanga in the Southwest and along 
shore of Lake Tanganyika in Kigoma in the West. The landscapes range from undulating 
plains to dissected hills and mountains in the South. Rift valley in the Southwest and 
swampy valleys in the West (NAPA, 2006). 
 
Soil survey reports identify Ferric, Chromic and Eurtric Cambisols (39.7%), 
Rhodic and Haplic Ferralsols (13.4%), and Humic Ferric Acrisols (9.6%) as some of the 
predominant soils across the country (Msanya et al., 2002). The corresponding USDA- 
Taxonomic classification is Inceptisols, Oxisols, and Ultisols, respectively. Many soils in 
Tanzania are heavily weathered and their capacity to hold and release plant available 
nutrients is compromised (Szilas et al., 2005). However, the volcanic soils in parts of the 
Southern Highland Zone of Tanzania are rich in soil organic matter (SOM), P and K, 
which indicates higher fertility potentials (Brekke et al., 1996). Different geological ages 
account for the development of these different types of soils across the country.  Figure 1 
shows the distribution of the soils in SHZT.  
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The objective of this paper is to characterize and classify four pedons that 
represent important maize producing soils of the Southern Highland Zone of Tanzania.    
 
 
Figure 3: Distribution of soils in the SHZT. Source: FAO – soil map of Tanzania
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 Materials and Methods 
 Study area 
This study was conducted across three specific administrative units (Mbozi and 
Mbeya districts, and Iringa Municipal) of SHZT. The fields’ sites were near the villages 
of Mbimba, Uyole, Inyala and Seatondale, respectively (Table 1 and Figure 3). Site 
information such as weather, elevation, parent materials, landforms, land use, soil 
temperature and moisture regimes, geographical locations coordinates were determined 
using topographic, geological maps and Garmin etrex10 GPS (Survey and mapping 
Division, 1983; Geological Survey Department, 1962) and Schoeneberger et al. (2012) 
field description guidebook.      
 
Field work 
 
The study sites were located on farms belonging to Uyole Agricultural Research 
Institute. The Institute originally selected the research farms because they have 
representative soils and landscapes of the Southern Highland Zone agro-ecology. Three 
criteria were used to select locations of the pedons: review of the landscapes from Google 
earth, discussion between the farm manager, zonal maize breeder and the senior author, 
and lastly conducting soil reconnaissance.  
 
Each site was pedologically surveyed by auguring along transects. Working soil 
map units were established to provide the general view of soil distribution at each site 
using the principles in the USDA Soil Survey Manual (Soil Survey Staff, 2015). 
Following site characterization, one representative pedon was opened at each site for 
detailed description and characterization using the techniques of Schoeneberger et al. 
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(2012). Twenty characterization samples (one sample from each horizon) were collected 
from the four Pedons. Twelve samples (3 for each pedon) were collected for soil water 
and bulk density characterization. Depths of collections were 0-5 cm, 45-50 cm and 95-
100 cm.  
 
Table 1. Locations, elevation, landform, and land use characterization of the four representative 
pedons at the SHZT.  
 
Pedon Id Pedon 
code  
District Coordinates Altitude 
(m.a.s.l) 
Landform Land use SMR STR 
Uyole   Uy01 Mbeya 
Rural  
033
o30.98’E 
08
o55.04’S          
1779 Alluvial 
fan 
Cultivation Udic Isothermic 
Inyala Iny02 Mbeya 
Rural  
033
o38.20’E 
08
o51.1’S                          
1515 Flat plain Cultivation Udic Isothermic 
Mbimba Mbi03 Mbozi 032
o57.29’E, 
09
o05.31’S                         
1596 Inclined 
plain 
Cultivation Udic Isothermic 
Seatondale Sea 04 Iringa 
Municipal  
035º41.873′E 
07º47.502′S                          
1537 Backslope Cultivation Udic Isothermic 
Mbi: Mbimba; STR: soil temperature regime, SMR: soil moisture regime. 
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Figure 4. Location of the pedons in the SHZT. Image from Google earth. 
 
 
 Laboratory analysis 
 
Following drying and grinding to pass through a 2-mm sieve, the 20 horizon 
samples were analysed at the Sokoine University, Soil Science Laboratory for texture, 
pH, EC, %SOC, %N, available P, exchangeable bases determination.  The 12 undisturbed 
core samples were analyzed at Mlingano Agricultural Research Institute for bulk density 
and moisture retention characteristics.  Bulk density was determined by the core method 
(Black and Hartge, 1986). Soil moisture retention characteristics were studied using sand 
kaolin box for low pressure values and pressure apparatus for high pressure values 
(National Soil Service, 1990). Particle size analysis was determined by the hydrometer 
method after dispersion with sodium hexametaphosphate 5% (NSS, 1990). Textural 
classes were determined using the USDA textural triangle (Schoeneberger et al., 2012). 
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Soil pH was measured in water and 1 M KCl at a ratio of 1:2.5 soil-water and 
soil- KCl, (McLean, 1986), and at a ratio of 1:50 soil-1MNaF, with measurements taken 
after 2 minutes (Fieldes and Perrot, 1966; NSS, 1990). Organic carbon was determined 
by the Walkley and Black wet oxidation method (Nelson and Sommers, 1982). Organic 
carbon values obtained were converted to organic matter by multiplying by a factor of 
1.724 (Duursma and Dawson, 1981). Total N was determined using micro-Kjeldahl 
digestion- distillation method as described by Bremner and Mulvaney (1982). Available 
phosphorus was determined using fitrates extracted by the Bray and Kurtz-1 method 
(Bray and Kurtz, 1945) and determined by spectrophotometer at 884 nm following color 
developed by the Molybdenum blue method (Murphy and Riley, 1962; Watanabe and 
Olsen, 1965). Cation exchange capacity of the soil (CECsoil) and exchangeable bases 
were determined by saturating soil with neutral 1 M NH4OAc (ammonium acetate) and 
the adsorbed ammonium ions (NH4
+ 
) were displaced by using 1 M KCl and then 
determined by Kjeldahl distillation method for estimation of CEC of the soil (Chapman, 
1965). The exchangeable bases (Ca
2+
, Mg
2+
, Na
+ 
and K
+
) were determined by atomic 
absorption spectrophotometer (Thomas, 1982). The total exchangeable bases (TEB) were 
calculated arithmetically as a sum of the four exchangeable bases (Ca
2+
, Mg
2+
, Na
+ 
and 
K
+
) for a given soil sample and the base saturation percentage calculated by dividing 
TEB by the sample respective CEC multiplied by 100. Micronutrients Fe, Cu, Mn and Zn 
were determined by DTPA method. The determination by atomic adsorption 
spectrophotometer was done using standard atomic adsorption procedures (Soil Survey 
Staff, 1999). The electrical conductivity was determined in 1:2.5 soils: water suspension 
using an electrical conductivity meter method (Moberg, 2000).
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 Results and Discussion 
The four field sites represent important corn producing soils for the respective 
region of SHZT. Their specific characteristics are given in Table 2. Two important 
features shown in Table 2 are the generally flat characteristics of the fields used for corn 
production and the highly variable nature of the parent material. These observations 
indicate the practical importance of good soil morphology information because farm - to - 
farm differences are being driven by soil properties and not landscape or weather.   
 
 Soil Morphology 
The four pedons have depths ranging from deep to very deep and have well-
developed diagnostic horizons (Table 3 and Figure 3).  The epipedons are generally dark 
colored while the B horizons are brown to red, which indicates a generally well drained 
condition. Redoximorphic features observed in the pedons indicate periodic shallow 
water table (see pedon descriptions in appendix 7.1).   The soils have weak fine to strong 
coarse subangular blocky structures. In almost all pedons expect Inyala the soils showed 
the consistence of hard to firm when dry and friable to very friable when moist, and the 
wet consistence of none sticky to none plastic, slightly stick to plastic.     
  
 
  
 
 
Table 2: Parent material, weather condition, surface and slope characteristics and vegetation of the four representative pedons 
of the SHZ 
 
Pedon Id District Parent rock/material Weather condition Site characteristics Surface characteristics Native 
vegetation 
Farming 
system 
Uyole Mbeya 
Rural 
Rungwe Volcanic ash 
(Tuffs to phonolitics and 
younger basalt) 
Sunny, no rain for 
past 6 months 
Slope: <2% 
Slope type: straight 
Slope length:>300m 
Position: Toe slope 
Sealing: Yes 
Thickness: 25cm 
Drainage class: well 
drained 
Erosion: None 
Infiltration: yes 
Savannah Corn - corn 
rotation 
 
Mbimba 
 
Mbozi 
 
Neogene    (mbuga and 
alluvium, brown eluvial 
soil, laterite, and 
lacustrine fine sands and 
silts 
 
Sunny, partly 
cloudy, no rain for 
the past 6 months 
 
Slope: 3% 
Slope type: straight 
Slope length: 
>400m 
Position: Foot slope 
 
Sealing: yes 
Thickness: 15cm 
Craking: very little 
Natural drainage 
class: well drained 
Runoff: yes 
Infiltration: Moderate 
Erosion: yes, rill 
 
Woodland 
and 
grassland 
 
Corn  - 
soybean 
rotation 
Inyala Mbeya 
Rural 
Alluvio-colluvium 
derived from granitic 
rocks  
Sunny, it rained in 
that week, 
Slope: 1% 
Slope type: straight 
Slope length: 
>500m 
Position: toeslope 
Sealing: Yes 
Thickness: 30cm 
Cracking: no 
Drainage class: Well 
drained 
Erosion: None 
Infiltration: yes 
Woodland Corn - corn 
rotation 
 
Seatondale 
 
Iringa 
Municipal 
 
Weathered granitic rocks 
 
Sunny no rain for 
the past four weeks 
 
Slope: 7% 
Slope type: straight 
Slope length: 
>100m 
Position: footslope 
 
Sealing: Yes 
Thickness: 30cm 
Cracking: no 
Drainage class: Well 
drained 
Erosion: Yes, rill 
Deposition: minimum 
Infiltration: yes 
 
Savannah 
 
Corn - 
soybean 
rotation 
 
3
6
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Figure 5: Photograms of representative pedons of the SHZT
Seatondale Uyole 
Mbimba Inyala 
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Table 3: Textural class, colors, consistence, structure and horizon boundary properties of 
representative pedons of SHZT 
 
Profile Id Horizon Depth 
(cm) 
Texture Dry color  Moist color Consistence Structure Horizon. 
Boundary 
Seatondale Ap 0-12 S 
10YR(5/1) 
10YR(3/3) fr,vfr 
Sbk As 
 AB 12-19 LS 10YR(4/1) 10YR(3/4) fr,vfr Sbk As 
 Bt1 19-30 SCL 5YR(4/2) 5YR(3/4) vh,vfi Sbk Cw 
 Bt2 30-54 SC 
7.5YR(4/6) 
5YR(4/6) vh,vfi 
Sbk Gw 
 Bt3 54-84 SCL 
7.5YR(4/6) 
7.5YR(4/6 vh,vfi 
Sbk Gw 
 Bt4 84+ SC 
7.5YR(4/6) 
7.5YR(4/6) vh,vfi 
Sbk - 
Mbimba Ap 0-12 C 10YR(4/3) 10YR(3/1) h,fr Sbk As 
 BA 12-50 C 7.5YR 
(3/3) 
10YR(4/4) h,fr Sbk Cs 
 Bt1 50-84 C 7.5YR 
(4/6) 
10YR(3/4) h,fr Sbk Cs 
 Bt2 84-
117 
C 7.5YR 
(4/4) 
10YR(4/4) h,fr Sbk Cs 
 Bt3 117+ C 7.5YR 
(3/3) 
7.5YR 
(3/4) 
h,fr Sbk - 
Inyala Ap 0-12 SCL 7.5YR 
(4/3) 
7.5YR 
(3/3) 
h,fr Sbk As 
 BA 12-47 C 7.5YR 
(4/4) 
7.5YR 
(3/4) 
h,fi Sbk Cs 
 Bt1 47-78 C 7.5YR 
(5/4) 
7.5YR 
(3/6) 
h,fi Sbk Cs 
 Bt2 78-
120 
C 7.5YR 
(5/4) 
7.5YR 
(3/3) 
h,fi Sbk Cs 
 Bt3 120+ C 7.5YR 
(4/6) 
7.5YR 
(4/6) 
h,fi Sbk - 
Uyole Ap 0-20 SCL 7.5YR 
(4/3) 
7.5YR 
(3/1) 
h,vfr Sbk As 
 BA 20-30 SCL 7.5YR 
(3/4) 
7.5YR 
(3/2) 
h,vfr Sbk Gi 
 CB 30-
130 
SCL 7.5YR 
(8/1) 
7.5YR 
(8/1) 
l,l - Gs 
 2Bt 130+ SCL 7.5YR 
(3/3) 
7.5YR 
(4/3) 
h,vfr Sbk - 
 
C=clay; S=sand; LS=loam sand; SC= sandy clay; fr = friable; sbk vfr very friable; vh=very hard; h=hard; vfi=very 
firm; =sub angular blocky; as = abrupt smooth; c = clear; gi = gradual irregular; gs = gradual smooth; w = wavy; gw = 
gradual wavy; aw = abrupt wavy; cw = clear wavy; 
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Table 4:  Bulk density and available water holding capacity of four pedons from the 
SHZT  
 
Pedon Id 
Horizon Depth 
Bulk density (g/cm
3
) 
Available water capacity 
 (cm) %vol/vol mm/m 
Seatondale Ap 0-12 1.34 4.0 40 
 AB 12-19 Nd Nd Nd 
 Bt1 19-30 Nd Nd Nd 
 Bt2 30-54 1.48 3.1 31 
 Bt3 54-84 Nd Nd Nd 
 Bt4 84+ 1.58 2.9 29 
Mbimba Ap 0-12 1.15 6.6 66 
 BA 12-50 0.88 5.0 50 
 Bt1 50-84 Nd Nd Nd 
 Bt2 84-117 0.79 5.2 52 
 Bt3 117+ Nd Nd Nd 
Inyala Ap 0-12 1.46 4.0 40 
 BA 12-47 1.51 Nd Nd 
 Bt1 47-78 Nd 4.0 40 
 Bt2 78-120 1.43 4.3 43 
 Bt3 120+ Nd Nd Nd 
Uyole Ap 0-20 0.99 5.0 50 
 BA 20-30 Nd Nd Nd 
 CB 30-130 0.80 7.0 70 
 2Bt 130+ 0.79 Nd Nd 
Nd= not determined 
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Table 5: Particle size distribution of the representative pedons of SHZT  
 
Pedon  Id Horizon Depth(cm) % clay % silt % sand 
Seatondale 
Ap 0-12 7.8 3.3 88.9 
AB 12-19 9.8 3.3 86.9 
Bt1 19-30 39.8 1.3 58.9 
Bt2 30-54 33.8 5.3 60.9 
Bt3 54-84 35.8 3.3 60.9 
Bt4 84+ 29.8 1.3 68.9 
Mbimba 
Ap 0-12 41.8 17.3 40.9 
BA 12-50 55.8 13.3 30.9 
Bt1 50-84 41.8 17.3 40.9 
Bt2 84-117 51.8 13.3 34.9 
Bt3 117+ 53.8 13.3 32.9 
Inyala 
Ap 0-12 29.8 17.3 52.9 
BA 12-47 43.8 15.3 40.9 
Bt1 47-78 45.8 17.3 36.9 
Bt2 78-120 41.8 19.3 38.9 
Bt3 120+ 55.8 13.3 30.9 
Uyole 
Ap 0-20 25.8 23.3 50.9 
BA 20-30 33.8 17.3 48.9 
CB 30-130 29.8 19.3 50.9 
2Bt 130+ 25.8 21.3 52.9 
 
 
  
 
  
 
 
Table 6: Soil pH, EC, organic carbon and nitrogen content and available P in four representative pedons of the SHZT   
 
Pedon Id Horizon 
pH 
EC % OC % OM % N C/N Avail. P 
  (20mS/cm)    Ratio (Bray 1) 
  H2O KCl NaF 1:2.5     mg P/kg 
Seatondale Ap 6.16 4.75 8.20 1.38 0.65 1.12 0.05 13 10.67 
 AB 5.98 4.64 8.13 0.06 0.40 0.70 0.05 8 10.42 
 Bt1 6.15 4.54 7.87 0.05 0.41 0.71 0.04 10 2.42 
 Bt2 6.24 4.92 7.75 0.04 0.25 0.43 0.02 12 1.92 
 Bt3 6.21 4.86 7.66 0.04 0.28 0.49 0.05 6 1.83 
 Bt4 6.16 5.16 7.43 0.18 0.99 1.72 0.06 17 2.87 
Mbimba Ap 5.50 4.08 8.50 0.10 0.84 1.45 0.07 13 5.17 
 BA 5.88 4.38 8.89 0.04 0.90 1.56 0.05 18 1.04 
 Bt1 6.34 4.74 9.38 0.03 0.35 0.62 0.03 13 0.71 
 Bt2 6.20 4.72 9.10 0.04 0.35 0.61 0.04 10 0.92 
 Bt3 6.40 4.66 8.80 0.04 0.44 0.77 0.04 10 1.04 
Inyala Ap 6.00 4.60 8.24 0.12 1.07 1.86 0.09 13 12.50 
 BA 5.92 4.38 7.96 0.08 0.62 1.08 0.06 11 2.29 
 Bt1 5.96 4.34 7.74 0.09 0.29 0.50 0.03 10 1.42 
 Bt2 6.26 4.52 7.71 0.06 0.12 0.22 0.01 9 1.58 
 Bt3 5.46 4.50 7.74 0.06 0.50 0.87 0.04 12 1.04 
Uyole Ap 6.78 5.02 7.82 0.07 1.52 2.64 0.11 14 11.17 
 BA 7.20 5.00 7.76 0.09 0.89 1.54 0.06 16 1.37 
 CB 7.02 5.12 7.93 0.08 0.34 0.22 0.02 6 1.46 
 2Bt 7.40 4.92 7.99 0.09 0.13 0.59 0.02 16 1.54 
 
4
1
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Table 7: Exchangeable cations and related chemical properties of representative pedons 
of the SHZT 
 
Pedon Id Horizon Exchangeable bases 
 cmol(+)/kg 
CEC 
cmol(+)/kg 
% BS 
  Ca
 
Mg
 
K Na
 
   
Seatondale Ap 4.01 0.66 0.61 0.08 17.20 31.2 
 AB 3.46 0.50 0.19 0.07 20.80 20.3 
 Bt1 8.47 1.56 0.37 0.09 16.00 65.6 
 Bt2 6.80 2.02 0.48 0.11 18.40 51.2 
 Bt3 6.80 1.87 0.99 0.06 20.60 47.1 
 Bt4 4.57 1.67 0.99 0.29 28.60 26.3 
Mbimba Ap 7.36 1.87 2.03 0.07 36.40 31.1 
 BA 10.14 1.39 2.41 0.16 33.00 42.7 
 Bt1 6.80 3.86 6.09 0.27 31.40 54.2 
 Bt2 6.24 2.49 7.30 0.28 21.60 75.5 
 Bt3 6.24 3.23 8.12 0.32 26.00 68.9 
Inyala Ap 12.93 3.41 1.14 0.11 19.60 89.7 
 BA 11.26 2.55 0.71 0.20 18.40 80.0 
 Bt1 9.03 2.46 1.50 0.42 22.00 61.0 
 Bt2 6.24 2.20 1.50 0.21 23.80 42.7 
 Bt3 8.47 2.67 1.66 0.22 20.40 63.9 
Uyole Ap 16.83 3.37 0.62 0.27 22.80 92.5 
 BA 12.93 2.88 5.42 0.45 24.20 89.6 
 CB 8.47 2.67 10.83 1.41 21.60 108.3 
 2Bt 10.70 3.07 13.84 2.06 24.40 121.6 
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Table 8: Nutrient ratios for the representative soils of the SHZT 
 
Pedon Id Horizon Ca/TEB Ca/Mg K / Mg  K: CEC (%) 
Seatondale Ap 0.75 6.07 0.92 3.55 
 AB 0.82 6.87 0.37 0.90 
 Bt1 0.81 5.43 0.23 2.29 
 Bt2 0.72 3.36 0.24 2.61 
 Bt3 0.70 3.65 0.53 4.79 
 Bt4 0.61 2.74 0.59 3.45 
Mbimba Ap 0.65 3.94 1.09 5.58 
 BA 0.72 7.30 1.73 7.29 
 Bt1 0.40 1.76 1.58 19.40 
 Bt2 0.38 2.51 2.93 33.78 
 Bt3 0.35 1.93 2.52 31.24 
Inyala Ap 0.74 3.79 0.33 5.80 
 BA 0.76 4.41 0.28 3.88 
 Bt1 0.67 3.67 0.61 6.84 
 Bt2 0.61 2.84 0.69 6.32 
 Bt3 0.65 3.17 0.62 8.16 
Uyole Ap 0.80 4.99 0.18 2.72 
 BA 0.60 4.48 1.88 22.38 
 CB 0.36 3.17 4.05 50.14 
 2Bt 0.36 3.49 4.51 56.72 
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 Figure 6: Water retention characteristics of the representative pedons of the SHZT 
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Table 9: Summary of diagnostic horizons and other features of representative pedons of 
the SHZT 
 
USDA Soil Taxonomy system (SSS, 2006) 
 
World Reference Base for Soil Resources (IUSS 
Working Group-WRB, 2007) 
Pedon Id Diagnostic 
epipedon 
and/or 
subsurface 
horizon 
Other diagnostic features Diagnostic 
horizons, 
properties and 
materials 
Prefix 
qualifiers 
Suffix qualifiers 
Seatondale Ochric 
epipedon; 
Argillic 
horizon 
Deep; loamy; slightly to 
moderately acid; udic 
SMR; isothermic STR; 
presence of clay cutans 
 
Argic horizon Cutanic, 
Haplic 
Siltic, Chromic 
Mbimba Ochric 
epipedon; 
Argillic 
horizon 
Very deep; clayey; 
slightly to moderately 
acid; udic SMR, 
isothermic STR, 
presence of clay skins 
 
Argic horizon Cutanic, 
Haplic 
Manganiferric, 
Epidystric, 
Profondic, Clayic 
 
Inyala 
 
Mollic 
epipedon; 
Argillic 
horizon 
 
Very deep; clayey; 
slightly to moderately 
acid; udic SMR; 
isothermic STR; 
presence of clay skins 
 
 
Mollic horizon; 
argic horizon 
 
Cutanic, 
Haplic 
 
Manganiferric, 
Profondic, Clayic 
Uyole Mollic 
epipedon 
 
Very deep; loamy; 
neutral to mildly 
alkaline, udic SMR; 
isothermic STR; 
presence of volcanic 
materials (mainly 
pumice and ash) 
Mollic horizon; 
vitric/tephric 
materials 
Vitric, 
Haplic 
Tephric, Siltic 
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Table 10: Classification of the representative pedons of SHZT 
  
USDA Soil Taxonomy classification system (SSS, 2006) World Reference 
Base for Soil 
Resources (IUSS- 
WRB, 2007) 
Pedon Id Order Suborder Great 
group 
 Subgroup Family  
Seatondale Ultisol Udult Hapludult Typic 
Hapludult 
Fine, illitic, active, 
isothermic  Typic 
Hapludult 
Haplic Cutanic 
Luvisol (Siltic, 
Chromic) 
 
Mbimba 
 
Alfisol 
 
Udalf 
 
Paleudalf 
 
Andic 
Paleudalf 
 
Fine, illitic, active,  
isothermic Andic 
Paleudalf 
 
Haplic Cutanic 
Luvisol 
(Manganiferric, 
Epidystric, 
Profondic Clayic) 
 
Inyala 
 
Alfisol 
 
Udalf 
 
Paleudalf 
 
Mollic 
Paleudalf 
 
Fine, illitic, active, 
isothermic Mollic 
Paleudalf 
 
Haplic Cutanic 
Luvisol 
(Manganiferric, 
Profondic, Clayic) 
 
Uyole 
 
Andisol 
 
Udand 
 
Hapludand 
 
Typic 
Hapludand 
 
Pumiceous, mixed, 
superactive, 
isothermic, Typic 
Hapludand 
 
Haplic Vitric 
Paeozem (Tephric, 
Siltic) 
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Soil Physical and Chemical Properties 
Particle size distribution and textural class 
 
Clayey texture was observed to be predominant in the Mbimba and Inyala pedons. 
The sandy clay loam texture is predominant in the A horizons of Uyole and Inyala and 
some B horizons of Seatondale. The B horizons of Seatondale are characterized by loamy 
sand and sandy clay textures (Table 5). Generally, sand content decreases down the 
profile almost in all pedons, while the clay content is generally high in B horizons and 
less in A horizons (Table 5). 
 
 Bulk density  
 
The bulk density ranged between 1.46 to 0.99 g/cm
3
 for the A horizons and 1.58 
to 0.79 g/cm
3
 for the B horizons in the study pedons (Table 4).  Soil bulk density 
increased down the profile at Seatondale, and decreased down the profile at Mbimba and 
Uyole. At Seatondale, the B horizons are observed to have high bulk densities, compared 
to A horizons.  Generally, the bulk density values indicate that the soils are not 
compacted. Thus, air and vertical water movements are potentially not limited because of 
optimal porosity (Landon, 1991). The low bulk densities in the A horizons indicate the 
presence of high organic matter which translates to the good potential of such soils for 
agricultural intervention. The vice versa is true. 
 
Available water holding capacity 
 
Soil water holding capacity ranged between 4 and 7% (Table 4). It increases with 
depth for Inyala and decreased for Uyole, Seatondale and Mbimba. This could possibly 
be attributed due to the amount of organic matter in the A horizons. The A horizons in 
Inyala and Uyole have lower water holding capacities compared to B horizons (Table 4). 
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Both, the A and B horizons, showed very low to low available water holding capacities, 
while the B horizons had extremely low values of AWHC at Seatondale and very low to 
low at Mbimba, Uyole and Inyala sites (Msanya et al., 1996). To be site specific, water 
retention characteristics varied across  and within the pedons; for Inyala, the A horizons  
were observed to have low water retention characteristics compared to B horizons at low 
pressure. Whereas, at high pressure all the soils were observed to have nearly the same 
water retention characteristics. At Seatondale, the observation was A horizons less than B 
horizons. For Mbimba, the A horizon was nearly the same as B horizon at lower pressure. 
The B horizon observed to have high water retention characteristics at low pressure.  The 
observation at high pressure was the A horizons less than the B horizons.  For Uyole, the 
trend was B horizons less than A horizons at lower pressure whereas at higher pressure 
the trend was the B horizons greater than the A horizons. This variability can be 
explained by differences in clay mineralogy type and the associated soil structure of the 
respective soils (Berryman and Eavis, 1984). Generally, the water retention values for the 
A horizons of the study sites showed higher values at Uyole followed by Mbimba, Inyala 
and Seatondale. However, for the B horizons, highest water retention values were 
observed at Mbimba and Uyole and lowest at Seatondale. From these results, water 
retention characteristics are a limiting factor for corn production of the representative 
soils of the SHTZ especially during drought periods (Young, 1976).  
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Soil pH  
 
The soils of Seatondale are slightly acidic in the A horizons and B horizons 
except for the AB horizon. The pedon’s reaction ranged between medium and slightly 
acid. The soils pH values show a constant trend across the profile. The soils of Inyala 
have medium to slight acidity for both A and B horizons. In Uyole pedon the 
predominant pH values range between slight acidity for A horizons to mild alkalinity for 
B horizons (Msanya et al., 1996). The A horizons are slightly acidic and B horizons 
mildly alkaline. The pH values show a general trend of increasing down the profile 
specifically for Uyole site (Table 6).  The soils indicate effective potential acidity with 
the pH buffer capacity ranging between 0.96 and 2.48 units (Baize, 1993). 
 
Organic carbon and organic matter 
 
Uyole showed medium to high organic carbon and organic matter for the A 
horizon. The organic carbon was observed to be 1.52% and the respective organic matter 
was 2.64%. Seatondale had low organic carbon content, the observed values being 0.65% 
OC and 1.12% OM. The soils have been rated as having very low to low organic carbon. 
In case of B horizons, Seatondale had high organic carbon and organic matter values, 
0.99% and 1.72%, respectively (Table 6). However, Inyala and Uyole had very low to 
low organic carbon and organic matter contents with values 0.12% and 0.22%, 
respectively (Msanya et al., 1996). 
 
Total nitrogen 
 
Amongst the study soils, the A horizon of Mbimba pedon was observed to contain 
low nitrogen content while that of Seatondale contains very low total nitrogen valued 
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0.12% and 0.06%, respectively.  In case of B horizons, the Uyole, Inyala and Seatondale 
pedons contain very low nitrogen (Table 6). The results show that, the study soils will 
require nitrogen replenishment in order to improve corn productivity of such soil. The 
C/N ratios of the A horizons classify the soils to have good to moderate quality in terms 
of nitrogen mineralization (Msanya et al., 1996). 
 
Available phosphorus 
 
The phosphorus levels  for the study soils indicate that the A horizon’s available 
phosphorus is medium at Inyala, Seatondale, Uyole and low at Mbimba, with values of 
12.90, 10.67, 11.17 and 5.17 mg/kg, respectively (Table 6) (Msanya et al., 1996).  The B 
horizon’s values were rated low with values < 6mg/kg at Mbimba. Soils’ low available 
phosphorus was associated with the pH values 5.5. This could be caused by aluminium 
toxicity condition where phosphorus is locked in complex aluminium compounds, the 
result of which being rendering phosphorus not readily available for plant uptake.  It is 
common for soils with pH ≤ 5.5.  
 
Cation exchange capacity 
 
CEC of the surface A horizon ranged between medium and high (Table 7). 
Mbimba and Seatondale were observed to have high CEC, Inyala and Uyole medium 
CEC. The four values are 36.4, 17.2, 19.6 and 22.8 cmol (+)/kg respectively. The B 
horizon also had medium to high CEC values. There is association between particle size 
distribution and CEC values of the study soils among sites. Seatondale showed lower 
CEC values than Mbimba (Msanya et al., 1996).  
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Exchangeable bases  
 
Table 7 shows data on exchangeable bases.  Exchangeable Ca
2+ 
 content was 
variable across and within the pedons. Uyole and Inyala showed high exchangeable Ca
2+ 
in the A horizons, while Seatondale and Mbimba showed low and medium exchangeable 
Ca
2+,
 respectively (Msanya et al., 1996). The B horizons had exchangeable Ca
2+
 values 
varying from low to high. The least value of all was observed at Seatondale (Table 7). 
Exchangeable Ca
2+ 
levels were observed to decrease down the profile for Uyole, 
Mbimba, and Inyala sites, while it increased for Seatondale site. 
 
Exchangeable Mg
2+
 levels had a varying trend across the sites and down the 
profiles. Exchangeable Mg
2+
 for A horizons ranged between 3.41 cmol (+)/kg and 0.66 
cmol (+)/kg, soils of Mbimba and Seatondale showed very low exchangeable Mg
2+
, those 
of Inyala and Uyole show low exchangeable Mg
2+
, while for the B horizons  it ranged 
between 3.86 cmol (+)/kg and 0.50 cmol (+)/kg. The B horizons showed relatively more 
exchangeable Mg
2+
 compared to the A horizons. It increased down the profile for the 
soils of Seatondale and Mbimba, and decreased for the soils of Uyole while remaining 
constant for Inyala (Table 7).  
 
The four pedons showed medium to very high exchangeable potassium levels 
(Table 7). The A-horizon values were 10.83 cmol (+)/kg, 2.03 cmol (+)/kg, 1.14 cmol 
(+)/kg and 0.61 cmol (+)/kg for Uyole, Mbimba, Inyala, and Seatondale, respectively. 
The B horizons had values ranging from very low to very high in Seatondale and Uyole 
with values of 0.19 and 13.84 cmol (+)/kg, respectively.  The exchangeable potassium 
generally showed increasing trend down the pedons in all sites (Table 7).  
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A- horizons of the study areas showed very low to low exchangeable sodium. The 
observed values 0.27, 0.11, 0.07, and 0.08 cmol (+)/kg for Uyole, Inyala, Mbimba and 
Seatondale, respectively (Table 7). None of the A horizons was found to be sodic.  The B 
horizons showed very low to very high exchangeable sodium. The deep B horizon in 
Uyole was found to be slightly sodic and the rest of the B horizons in other sites were 
non- sodic. 
Nutrient ratios  
According to Landon (1991), the Ca/Mg ratios in the study soils were above the 
optimal levels for Uyole, Inyala and Mbimba (Table 8). Availability of Mg and P is 
reduced if the Ca/Mg ratios exceed 5:1. The epipedons indicated ratios ranging from 3.75 
to 7.30. The Ca/Mg ratios below 5:1 are considered favorable for most crops (Landon, 
1991). The epipedons’ K/Mg ratios ranged from 0.18 to 1.88 (Table 8).  It is 
recommended that K/Mg should be less than 1.5 for the uptake of Mg
2+
 from soil by 
plants (Landon, 1991). The epipedons’ K/CEC is greater than 2% for all study pedons in 
SHZT. This indicates the favorable conditions for production of tropical crops (Landon, 
1991). 
 
Soil Classification 
According to USDA- Soil Taxonomy (Soil Survey Staff, 2006), the soils have 
been classified as Fine, illitic, active, isothermic  Typic Hapludult; Fine, illitic, active,  
isothermic Andic Paleudalf; Fine, illitic, active, isothermic Mollic Paleudalf;  
Pumiceous, mixed, superactive, isothermic Typic Hapludand. The corresponding 
equivalent FAO-WRB Tier-2 taxa  are Haplic Cutanic Luvisol (Siltic, Chromic); Haplic 
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Cutanic Luvisol (Manganiferric, Epidystric,; Profondic, Clayic); Haplic Cutanic Luvisol 
(Manganiferric, Profondic, Clayic); and Haplic Vitric Paeozem (Tephric, Siltic), 
respectively for Seatondale, Mbimba, Inyala and Uyole (Table 10). Ochric and mollic 
horizons were the main diagnostic epipedons while argillic horizon was the diagnostic B 
horizon common in all the pedons (Table 9).  
 
Pedogenesis 
The predominant pedogenic processes observed in this study include 
humification, translocation and eluviation/illuviation.  The enrichment of organic and 
mineral materials has been observed in all pedons.  The dark colors and high percent of 
organic carbon in the epipedon are good indicators of humification as pedogenic process 
taking place within and across the pedons (Table 3 & 6). The translocation of the 
materials are indicated by the empirical evidence of high % clay in the B horizons 
especially at Seatondale, Mbimba and Inyala. The eluviation/ illuviation as pedogenic 
processes manifest the translocation of clay material from the epipedons to B horizons 
(Table 5). 
 
54 
 
 
  
 
 Conclusion 
The four sites are highly variable in terms of texture, pH, and % base saturation. 
However, they share many characteristics such as well drained, reddish B horizon, sbk 
structure, the epipedons are friable and B horizon firm consistence. The predominant 
pedogenic processes in the SHZT are humification, translocation, eluviation and 
illuviation.  In addition, C: N consistently < 20:1.  The overall profile are deep. The three 
pedons namely Uyole, Mbimba and Inyala are considered inherently fertile with their 
soils being Alfisols and Andisols. The Seatondale pedon has the depleted fertility with its 
soils being Ultisols  
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Abstract 
Pedotransfer functions are useful tools in estimating the not easily and expensive 
soil properties.  They are especially valuable in settings such as the SHZT where limited 
direct soil measurements are available.  The objective of this study was to develop a  
series of  pedotransfer functions and then evaluate which ones best estimate CEC, 
AWHC and SOC%.  Data from 20 horizons from four representative pedons was used to 
evaluate the most predictive properties.  Best fit multiple linear regression was used to 
obtain relationships and identify property coefficeints.  Example pedotransfer functions 
developed for the SHZT are %SOC = 0.1*hue-0.03*value-0.034chroma (n = 20, r
2
 = 
0.74),  CEC(meq/100g) = 0.44*%clay+9.6%SOC (n=20, r
2
 = 0.93), and, AWHC (mm/m) 
= 14.7%SOC+0.82%clay+0.35%silt+0.51%sand (n=12; r
2
 = 0.96).   All colors are for 
moist samples.  The results indicate promising potential of using the easily measured soil 
properties and cheap in fiscal terms to estimate the not easily measured soil properties. 
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 Introduction 
Pedometry is increasingly important as the cost of field and laboratory 
measurements of different soil parameters are tremendously expensive in terms of 
financial and time resources (Van den Berg et al., 1997). Pedotransfer functions allow the 
use of few easily measured soil variables to estimate the correlated variables. Best 
selection of the number of predictors is important in developing the powerful 
pedotransfer function. Texture and soil organic matter are key predictors of available 
water holding capacity, the size of data set overlies the number of predictors in evaluating 
the power of the pedotransfer functions (Pollacco, 2008). 
 
The objective of this study is to develop pedotransfer functions using the multiple 
linear regressions that can predict not easily measurable soil variables such as CEC, 
AWHC and SOC using the easily measurable soil properties like texture and bulk 
density. The empirical correlations need to be investigated to accurately estimate the 
target variables.  
 
 Materials and Methods 
Study area 
 This study was conducted across three specific administrative units (Mbozi and 
Mbeya districts, and Iringa Municipal) of SHZT. The fields’ sites were near the villages 
of Mbimba, Uyole, Inyala and Seatondale respectively (Table 1). Site information such as 
weather, elevation, parent materials, landforms, land use, soil temperature and moisture 
regimes, geographical locations coordinates were determined using topographic, 
62 
 
 
  
 
geological maps; Schoeneberger et al. (2012) field description guidebook and etrec10 
GPS.  
 
Fieldwork 
The sites were initially surveyed using transect as well as field validation and 
auger observations. Rough soil mapping units were then established to provide the 
general view of soil representative distribution at each site. From this major 
representative soils and landscapes, one pedon was opened at each site for descriptions 
and characterization using Schoeneberger et al. (2012), and Munsell Soil Color Charts 
1994 revised edition.  Twelve samples (3 for each pedon) were collected for soil water 
characterization. Depths of collections were 0-5cm, 45-50cm and 95-100cm.  Twenty 
characterization samples (one sample from each horizon) were collected form the four 
pedons.  
Laboratory work 
 
Soil samples from each horizon were air-dried and ground to pass through a 2-
mm sieve for laboratory analyses at Sokoine University of Agriculture Laboratory. 
Particle size analysis was determined by the hydrometer method after dispersion with 
sodium hexametaphosphate 5% (NSS, 1990). Textural classes were determined using the 
USDA textural class triangle (Schoeneberger et al., 2012). Soil pH was measured in 
water and 1 MKCl at a ratio of 1:2.5 soil–water and soil– KCl, (McLean, 1986), and at a 
ratio of 1:50 soil-1MNaF, with measurements taken after 2 min (Fieldes and Perrot, 
1966; NSS, 1990). Organic carbon was determined by the Walkley and Black wet 
oxidation method (Nelson and Sommers, 1982). Total N was determined using micro-
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Kjeldahl digestion-distillation method as described by Bremner and Mulvaney (1982). 
Cation exchange capacity of the soil (CECsoil) and exchangeable bases were determined 
by saturating soil with neutral 1MNH4OAc (ammonium acetate) and the adsorbed NH4
+
  
were displaced by using 1MKCl and then determined by Kjeldahl distillation method for 
estimation of CEC of the soil (Chapman, 1965). The exchangeable bases (Ca
2+
, Mg
2+
, 
Na
+ 
and K
+
) were determined by atomic absorption spectrophotometer (Thomas, 1982). 
The total exchangeable bases (TEB) were calculated arithmetically as a sum of the four 
exchangeable bases (Ca
2+
, Mg
2+
, Na
+ 
and K
+
) for a given soil sample and the base 
saturation percent calculated by dividing TEB by the sample respective CEC multiplied 
by 100. 
 Estimation using multiple linear regression function 
% SOC and % clay were used to develop a Pedotransfer function that estimated 
the CEC of representative soils of SHZT. Two Pedotransfer functions were developed 
using Microsoft excel office 2013.  The prediction regression model targeted specific site 
and the overall sites. %SOC, %clay, %silt, %sand, structure code and bulk density 
variables were used to develop multiple linear regression model for estimation of 
available water holding capacity of representative soils of SHZT. The dry and moist 
Munsell colors were used to develop multiple linear regression models for estimation of 
%SOC. 
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 Results and Discussion 
The results from the four representative soils of SHZT indicate the great potential 
for use of enough data set to develop pedotransfer functions that can be used in the 
estimation of the not easily measured and expensive soil parameters like %SOC, CEC 
and AWHC (Tables 10 to 20 and Figure 3). Using the available data sets, it was possible 
to develop the pedotransfer functions.  The key observation is the potential to estimate 
the not easily measured expensive soil properties from the cheap and easily measured soil 
properties using the appropriate pedotransfer functions as shown in the results. 
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Results  
Table 11: Physical properties of representative soils of SHZT 
 
Pedon Id Horizon Depth 
(cm) 
Texture Dry color  Moist color Consistence Structure Horizon. 
boundary 
Seatondale Ap 0-12 S 10YR5/1 10YR3/3 fr,vfr Sbk As 
 AB 12-19 LS 10YR4/1 10YR3/4 fr,vfr Sbk As 
 Bt1 19-30 SCL 5YR4/2 5YR3/4 vh,vfi Sbk Cw 
 Bt2 30-54 SC 7.5YR4/6 5YR4/6 vh,vfi Sbk Gw 
 Bt3 54-84 SCL 7.5YR4/6 7.5YR4/6 vh,vfi Sbk Gw 
 Bt4 84+ SC 7.5YR4/6 7.5YR4/6 vh,vfi Sbk - 
Mbimba Ap 0-12 C 10YR4/3 10YR3/1 h,fr Sbk as 
 BA 12-50 C 7.5YR3/3 10YR4/4 h,fr Sbk cs 
 Bt1 50-84 C 7.5YR4/6 10YR3/4 h,fr Sbk cs 
 Bt2 84-117 C 7.5YR4/4 10YR4/4 h,fr Sbk cs 
 Bt3 117+ C 7.5YR3/3 7.5YR ¾ h,fr Sbk - 
Inyala Ap 0-12 SCL 7.5YR4/3 7.5YR 3/3 h,fr Sbk as 
 BA 12-47 C 7.5YR4/4 7.5YR ¾ h,fi Sbk cs 
 Bt1 47-78 C 7.5YR5/4 7.5YR 3/6 h,fi Sbk cs 
 Bt2 78-120 C 7.5YR5/4 7.5YR 3/3 h,fi Sbk cs 
 Bt3 120+ C 7.5YR4/6 7.5YR 4/6 h,fi Sbk - 
Uyole Ap 0-20 SCL 7.5YR4/3 7.5YR 3/1 h,vfr Sbk as 
 BA 20-30 SCL 7.5YR3/4 7.5YR 3/2 h,vfr Sbk gi 
 CB 30-130 SCL 7.5YR8/1 7.5YR 8/1 l,l - gs 
 2Bt 130+ SCL 7.5YR3/3 7.5YR 4/3 h,vfr Sbk - 
C=clay; s=sand; ls=loam sand; sc= sandy clay; fr = friable; vfr= very friable; vh=very hard; h=hard; vfi=very firm; 
l=loose=sub angular blocky; as = abrupt smooth; c = clear; gi = gradual irregular; gs = gradual smooth; w = wavy; gw 
= gradual wavy; aw = abrupt wavy; cw = clear wav
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 Table 12: Particle size distribution of the representative pedons of SHZT  
Pedon Id Horizon Depth(cm) % clay % silt % sand 
Seatondale 
Ap 0-12 7.8 3.3 88.9 
AB 12-19 9.8 3.3 86.9 
Bt1 19-30 39.8 1.3 58.9 
Bt2 30-54 33.8 5.3 60.9 
Bt3 54-84 35.8 3.3 60.9 
Bt4 84+ 29.8 1.3 68.9 
Mbimba 
Ap 0-12 41.8 17.3 40.9 
BA 12-50 55.8 13.3 30.9 
Bt1 50-84 41.8 17.3 40.9 
Bt2 84-117 51.8 13.3 34.9 
Bt3 117+ 53.8 13.3 32.9 
Inyala 
Ap 0-12 29.8 17.3 52.9 
BA 12-47 43.8 15.3 40.9 
Bt1 47-78 45.8 17.3 36.9 
Bt2 78-120 41.8 19.3 38.9 
Bt3 120+ 55.8 13.3 30.9 
Uyole 
Ap 0-20 25.8 23.3 50.9 
BA 20-30 33.8 17.3 48.9 
CB 30-130 29.8 19.3 50.9 
2Bt 130+ 25.8 21.3 52.9 
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Table 13: Horizons, depths, textural class, bulk density and available water holding 
capacities of representative soils of SHZT  
 
Pedon Id 
Horizon. Depth Textural Bulk density 
g/cm
3
 
Available water 
capacity 
 (cm) Class %vol/vol mm/m 
Seatondale Ap 0-12 S 1.34 4.0 40 
 AB 12-19 LS Nd Nd Nd 
 Bt1 19-30 SCL Nd Nd Nd 
 Bt2 30-54 SC 1.48 3.1 31 
 Bt3 54-84 SCL Nd Nd Nd 
 Bt4 84+ SC 1.58 2.9 29 
Mbimba Ap 0-12 C 1.15 6.6 66 
 BA 12-50 C 0.88 5.0 50 
 Bt1 50-84 C Nd Nd Nd 
 Bt2 84-117 C 0.79 5.2 52 
 Bt3 117+ C Nd Nd Nd 
Inyala Ap 0-12 SCL 1.46 4.0 40 
 BA 12-47 C 1.51 Nd Nd 
 Bt1 47-78 C Nd 4.0 40 
 Bt2 78-120 C 1.43 4.3 43 
 Bt3 120+ C Nd Nd Nd 
Uyole Ap 0-20 SCL 0.99 5.0 50 
 BA 20-30 SCL Nd Nd Nd 
 CB 30-130 SCL 0.80 7.0 70 
 2Bt 130+ SCL 0.79 Nd Nd 
Nd= not determined 
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Table 14: Exchangeable cations and cation exchange capacity and base saturations 
percent of the representative soils of SHZT 
 
Pedon Id  Horizon Exchangeable bases (cmol(+)/kg) CEC(cmol(+)/kg) % BS 
  Ca
 
Mg
 
K Na
 
  
Seatondale Ap 4.01 0.66 0.61 0.08 17.20 31.2 
 AB 3.46 0.50 0.19 0.07 20.80 20.3 
 Bt1 8.47 1.56 0.37 0.09 16.00 65.6 
 Bt2 6.80 2.02 0.48 0.11 18.40 51.2 
 Bt3 6.80 1.87 0.99 0.06 20.60 47.1 
 Bt4 4.57 1.67 0.99 0.29 28.60 26.3 
Mbimba Ap 7.36 1.87 2.03 0.07 36.40 31.1 
 BA 10.14 1.39 2.41 0.16 33.00 42.7 
 Bt1 6.80 3.86 6.09 0.27 31.40 54.2 
 Bt2 6.24 2.49 7.30 0.28 21.60 75.5 
 Bt3 6.24 3.23 8.12 0.32 26.00 68.9 
Inyala Ap 12.93 3.41 1.14 0.11 19.60 89.7 
 BA 11.26 2.55 0.71 0.20 18.40 80.0 
 Bt1 9.03 2.46 1.50 0.42 22.00 61.0 
 Bt2 6.24 2.20 1.50 0.21 23.80 42.7 
 Bt3 8.47 2.67 1.66 0.22 20.40 63.9 
Uyole Ap 16.83 3.37 0.62 0.27 22.80 92.5 
 BA 12.93 2.88 5.42 0.45 24.20 89.6 
 CB 8.47 2.67 10.83 1.41 21.60 108.3 
 2Bt 10.70 3.07 13.84 2.06 24.40 121.6 
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Table 15: % SOC, %N, C/N and available phosphorus values for the representative soils of SHZT 
 
Pedon Id Horizon 
pH 
% OC % OM % N C/N Avail. P 
     Ratio (Bray 1) 
  H2O KCl NaF     mg P/kg 
Seatondale Ap 6.16 4.75 8.20 0.65 1.12 0.05 13 10.67 
 AB 5.98 4.64 8.13 0.40 0.70 0.05 8 10.42 
 Bt1 6.15 4.54 7.87 0.41 0.71 0.04 10 2.42 
 Bt2 6.24 4.92 7.75 0.25 0.43 0.02 12 1.92 
 Bt3 6.21 4.86 7.66 0.28 0.49 0.05 6 1.83 
 Bt4 6.16 5.16 7.43 0.99 1.72 0.06 17 2.87 
Mbimba Ap 5.50 4.08 8.50 0.84 1.45 0.07 13 5.17 
 BA 5.88 4.38 8.89 0.90 1.56 0.05 18 1.04 
 Bt1 6.34 4.74 9.38 0.35 0.62 0.03 13 0.71 
 Bt2 6.20 4.72 9.10 0.35 0.61 0.04 10 0.92 
 Bt3 6.40 4.66 8.80 0.44 0.77 0.04 10 1.04 
Inyala Ap 6.00 4.60 8.24 1.07 1.86 0.09 13 12.50 
 BA 5.92 4.38 7.96 0.62 1.08 0.06 11 2.29 
 Bt1 5.96 4.34 7.74 0.29 0.50 0.03 10 1.42 
 Bt2 6.26 4.52 7.71 0.12 0.22 0.01 9 1.58 
 Bt3 5.46 4.50 7.74 0.50 0.87 0.04 12 1.04 
Uyole Ap 6.78 5.02 7.82 1.52 2.64 0.11 14 11.17 
 BA 7.20 5.00 7.76 0.89 1.54 0.06 16 1.37 
 CB 7.02 5.12 7.93 0.34 0.22 0.02 6 1.46 
 2Bt 7.40 4.92 7.99 0.13 0.59 0.02 16 1.54 
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Table 16: %clay and %SOC as Predictors of CEC of four representative pedons of SHZT    
Pedon Id Horizon CEC(cmol(+)/kg) %clay %SOC  CEC predicted(cmol(+)/kg) 
Seatondale 
 
Ap 17.2 8 0.65  9.8 
AB 20.8 10 0.40  8.2 
Bt1 16.0 40 0.41  21.5 
Bt2 18.4 34 0.25  17.4 
Bt3 20.6 36 0.28  18.5 
Bt4 28.6 30 0.99  22.7 
Mbimba 
 
Ap 36.4 42 0.84  26.5 
BA 33.0 56 0.90  33.3 
Bt1 31.4 42 0.35  21.8 
Bt2 21.6 52 0.35  26.2 
Bt3 26.0 54 0.44  28.0 
Inyala 
 
Ap 19.6 44 1.07  29.6 
BA 18.4 46 0.62  26.2 
Bt1 22.0 42 0.29  21.3 
Bt2 23.8 56 0.12  25.8 
Bt3 20.4 44 0.50  24.2 
Uyole Ap 22.8 26 1.52  26.0 
BA 24.2 34 0.89  23.5 
CB 21.6 26 0.34  14.7 
2Bt 24.4 30 0.13  14.4 
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Table 17: %Clay and %SOC as Predictors of CEC for the representative pedons of 
SHZT, done on individual site bases 
 
Pedon Id Horizon CEC(cmol(+)/kg) %clay %SOC Predicted CEC(cmol(+)/kg) 
Seatondale Ap 17.2 8 0.65 17.3 
 AB 20.8 10 0.40 12.2 
 Bt1 16.0 40 0.41 21.4 
 Bt2 18.4 34 0.25 15.9 
 Bt3 20.6 36 0.28 17.2 
 Bt4 28.6 30 0.99 31.7 
Mbimba Ap 36.4 42 0.84 27.0 
 BA 33.0 56 0.90 33.6 
 Bt1 31.4 42 0.35 21.8 
 Bt2 21.6 52 0.35 26.1 
 Bt3 26.0 54 0.44 27.9 
Inyala Ap 19.6 44 1.07 18.8 
 BA 18.4 46 0.62 20.1 
 Bt1 22.0 42 0.29 18.6 
 Bt2 23.8 56 0.12 25.1 
 Bt3 20.4 44 0.50 19.3 
Uyole Ap 22.8 26 1.52 21.3 
 BA 24.2 34 0.89 28.4 
 CB 21.6 26 0.34 21.9 
  2Bt 24.4 30 0.13 25.4 
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Table 18:%SOC, %clay, %silt, %sand and bulk density as predictors of AWHC of the 
representative soils of SHZT 
 
 
Depth
(cm) 
Water 
retention 
%SOC %Clay % Silt %Sand 
Bulk 
density 
predicted water 
retention 
mm/m 
Seatondale 0-12 40 0.65 7.76 3.28 88.96 1.34 35 
30-54 31 0.41 33.76 5.28 60.96 1.48 37 
54-
84+ 29 0.28 29.76 1.28 68.96 1.58 32 
 Mbimba 0-12 66 0.83 41.76 17.28 40.96 1.15 50 
12-50 50 0.90 55.76 13.28 30.96 0.88 62 
50-84 52 0.44 41.76 17.28 40.96 0.79 52 
Inyala 0-12 40 1.07 29.76 17.28 52.96 1.46 44 
12-47 40 0.62 43.76 15.28 40.96 1.51 41 
78-
120 43 0.29 41.76 19.28 38.96 1.43 36 
Uyole 0-20 50 1.52 25.76 23.28 50.96 0.99 58 
20-30 70 0.89 33.76 17.28 48.96 0.80 55 
30-
130+ 27 0.34 25.76 21.28 52.96 0.97 41 
 
 
Table 19: Epipedon’s moist color as predictor of %SOC for representative soils of SHZT 
 
Pedon Id %SOC Hue value chroma predicted %SOC 
Seatondale 0.65 10 3 2 0.62 
 
0.41 10 3 2 0.62 
Mbimba 0.83 10 3 1 0.90 
 
0.90 7.5 4 4 1.10 
Inyala 1.07 7.5 3 1 1.18 
 
0.62 7.5 3 4 0.34 
Uyole 1.52 7.5 3 1 1.18 
 
0.89 7.5 3 2 0.90 
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Table 20: Soil’s moist color as a predictor of %SOC for the representative pedons in 
SHZT 
 
Pedon Id %SOC Hue value chroma predicted %SOC 
Seatondale 0.65 10 3 2 0.85 
 
0.4 10 3 2 0.85 
 
0.41 5 3 2 0.35 
 
0.25 5 4 6 0.2 
 
0.28 7.5 4 6 0.45 
 
0.99 7.5 4 6 0.45 
Mbimba 0.84 10 3 1 0.88 
 
0.9 7.5 4 4 0.51 
 
0.35 7.5 3 4 0.54 
 
0.35 7.5 4 4 0.51 
 
0.44 7.5 3 4 0.54 
Inyala 1.07 7.5 3 1 0.63 
 
0.62 7.5 3 4 0.54 
 
0.29 7.5 3 6 0.48 
 
0.12 7.5 4 3 0.54 
 
0.5 7.5 4 6 0.45 
Uyole 1.52 7.5 3 1 0.63 
 
0.89 7.5 3 2 0.6 
 
0.34 7.5 8 1 0.48 
  0.13 7.5 4 3 0.54 
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Figure 7: Individual site CEC fitted plots of the representative soils of SHZT
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Figure 8: CEC and AWHC fitted plots of the representative soils of SHZT 
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Figure 9: SOC and AWHC fitted plots of the representative soils of SHZT 
  
 
  
 
 
  
Table 21: Pedotransfer functions for CEC, SOC and AWHC of the representative soil of SHZT 
 
Pedon Id Prediction Model 
Pvalue R2, 
adjusted 
R2 
n 
All sites CEC(meq/100g)= 0.44*%clay+9.6*%soc <0.0001 0.93 0.86 20 
Seatondale CEC(meq/100g)=0.3*%clay+22.86*%soc 0.039 0.94 0.59 6 
Mbimba CEC (meq/100g)= 0.43*%clay+10.96*%soc 0.13 0.96 0.44 5 
Inyala CEC (meq/100g)=0.45*%clay-0.93*%soc 0.0687 0.99 0.49 5 
Uyole CEC (meq/100g)=0.85*%clay-5.2*%soc NA 0.91 -0.002 4 
A horizons CEC (meq/100g)=0.5*%clay+6.4*%soc 0.0019 0.90 0.72 9 
B horizons CEC (meq/100)=0.42*%clay +15.8*%soc  <0.0001 0.96 0.84 20 
AWHC 1 
AWHC= 9.4*%soc +0.66*%clay + 0.25*%silt +88.9*%sand+ 2.57*structure - 
20.77*BD 
 
0.97 0.78 20 
AWHC2  AWHC= 14.66*%soc +0.82*%clay + 0.35*%silt +0.51*%sand -20.17*BD 0.0002 0.96 0.79 13 
SOC A  SOC = 0.76*Value -0.11*Hue- 0.27*Chroma 0.0024 0.96 0.74 8 
SOC G  SOC = 0.1*Hue - 0.03*Value - 0.034* Chroma <0.0001 0.74 0.66 20 
7
7
7
6
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Discussion 
Prediction of cation exchange capacity of the representative soils of SHZT was 
done four times. The overall results indicate the potential of using two easily measurable 
soil properties, %clay and %SOC to estimate cation exchange capacity of soil (Table 21). 
Three pedotransfer functions have been developed, the overall sites, individual sites and 
the epipedon CEC estimation regression equations. Larger than the used data set would 
result in the best pedotransfer functions. Multiple regression pedotransfer functions 
produced differ in their strength to estimate the CEC. The best fits don’t provide a very 
good trend, however, with increased data set size the fitted plot would provide 
convincing distribution (Figure 3). 
Prediction of available water holding capacity can be done using the easily 
measured soil properties such as %soil organic carbon, %clay, %silt,% sand, soil 
structure and bulk dentistry p<0.01(Table 21). It can also be easily estimated without 
including soil structure in the pedotransfer function (Table 18). Not including structure 
provides the better statistical power, considering adjusted r square and the fitted plots 
(Figure 3). However, both multiple regression models indicate the potential of estimating 
the available water holding capacity. The endeavor that can result in serving resource in 
soil science career.  
The prediction of soil organic carbon can be done using soil properties such as 
Hue, Value and Chroma. Taking account of dry and moist colors (Table19 &20). The two 
pedotransfer functions indicate the potential for predicting soil organic matter. However, 
the epipedon’s moist soil colors are observed to be the best predictors of soil organic 
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carbon (Table 19). Using the epipedons (A-horizons) provide a better statistical power, 
considering adjusted r square and the fitted plot (Figure 3). There is a statistical minimal 
potential for estimating soil organic carbon using the dry color.  
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Conclusion 
The easily measured field and laboratory soil properties can be used to estimate 
the not easily measured and expensive soil properties using the accurately developed 
pedotransfer functions. Large data set is crucial to make the pedotransfer functions 
powerful. The soil organic carbon can best be predicted by the pedotransfer function of 
the epipedons’ measured soil properties, while available water holding capacity is best 
estimated with the pedotransfer function not containing soil structure as one of the 
independent variables. In case of CEC, the best estimation is made by pedotransfer 
function that involves the dependent variables from all the involved pedons. 
 
81 
 
 
  
 
 Recommendation 
Powerful pedotransfer functions require large data to easily estimate not easily 
and expensive variables such as CEC, SOC and AWHC.  
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Abstract 
Corn productivity indices (CSR2T) for representative soils from four respective 
farms in the Uyole Research Institute in the Southern Highland Zone of Tanzania were 
developed. The approach used are derived from Iowa State University’s CSR2.  
Consistent with ISU, index points were applied to the pedon based on the USDA Soil 
Taxonomy subgroup, family particle size class, and available water holding capacity, 
and solum depth and resilience to degradation.  Additional index points were applied 
based on field conditions especially slope, erosion history and flooding or ponding risk. 
Finally local experts were queried as to the appropriateness of these ratings.  The soils 
were found to have CSR2T values of 72, 56, 62 and 48 for Uyole, Mbimba, Inyala and 
Seatondale farms, respectively.  The soils of Seatondale were observed to be more 
limited by water holding capacity. However, generally the study soils are observed to 
have good pedogenic potential for corn productivity and very minimal pedogenic 
limitations for corn productivity. The most serious limitation seems to be low water 
holding capacity.   
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Introduction 
Corn suitability is a technology aimed at quantifying soil’s potential for corn yield 
production. The idea of corn suitability can be traced back to 1930’s. In Nebraska, the 
first study is reported to be done in 1949 (Halcrow and Stucky, 1949). The Nebraska’s 
crop ratings were organized to fit the Nebraska’s soil maps. This work was updated by 
the Nebraska’s virtual corn productivity rating (Johnson and Rosener, 2010).  In Canada, 
the crop productivity rating is reported to be a function of soil properties and field 
condition (Mitchell, 1950). In California, the storie index had been used over 50 years; it 
was highly popular and important.  It was hand calculated by soil survey staff and 
collaborators with each new soil survey. It used the multiplicative approach to elaborate 
soil productivity to crop production as a product of soil depth and texture, permeability, 
soil chemistry, drainage and runoff, and climate (Storie, 1932).  As a result, it was highly 
subjective with different soil scientists determining different values, difficult to apply 
across the entire state and would not integrate with modern data and web-based soil 
maps.    As a result, they developed this revised storie index, which is explained in their 
paper.  A revised version was produced to fit the digital soil information use (O’Green et 
al., 2008). In Iowa, land productivity estimation can be traced back to 1947. Soil survey 
information became a useful tool for land tax assessment (Scholtes and Riecken, 1952). 
Based on the soil survey information available up to 1960s, corn productivity rating was 
developed. Where the land was rated for its crop yield production potential (Fenton et. al, 
1971. The move towards efficient and precise agricultural production necessitated the 
development of the corn suitability rating. As an agricultural production planning tool, it 
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has resulted in significantly increased agricultural turnover in terms of income for both 
farmers and state (Burras et al., 2015).   CSR2 was recently developed by Burras and 
others (2015) to fit the updated and dynamic soil information availed by USDA NRCS 
Web Soil Survey (see:  http://websoilsurvey.sc.egov.usda.gov/) that was not available 
when CSR was developed. It originated from the CSR but it uses an algorithm whose 
parameterization is based on current soil survey information and easily accessed Soil 
Web Survey. Properties like taxonomic classification, family particle size, field 
conditions, and expert judgment are used to determine the yield potential for a given soil-
mapping unit. The rationale for CRS2 is the dynamic change in soil properties that 
happened after the CRS development, some updated soil survey information could not be 
contained in CRS.   CSR2, like CSR, assumes standard agronomic practices including 
improved corn varieties, optimal nutrient levels, proper plant populations, controlled soil 
erosion, adequate soil drainage and appropriate rainfall through the growing season. 
 
The objective of this chapter is to establish the corn suitability rating for the 
representative soil of SHZT (CSR2T).  
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Materials and Methods 
Study area 
Corn yields were retrieved from Southern Highland Zone. Three specific 
administrative units include Mbozi and Mbeya districts and Iringa Municipal. The 
working research sites involved Mbimba, Uyole, Inyala and Seatondale. Sites and profile 
description were done to determine the information on factors that influence corn 
suitability; the factors include soil classification, soil family particle size, field conditions, 
soil depth and soil water holding capacity characteristic (Table 3).  Geological 
information of the working sites was retrieved from the geological maps.  
The corn yields were retrieved from the ARI Uyole library in the Annual Internal 
Research meeting reports. The variety used for the study is Uyole hybrid 615 (UH615) 
and Uyole hybrid 6303 (UH 6303). The corn yields obtained ranged in timeframe of 2003 
to 2014.  
 
Determination of the factors for corn suitability   
USDA soil taxonomic classification, the soil samples were collected across the 
pedons in the four working sites: Mbimba, Uyole, Inyala and Seatondale. Eventually 
laboratory work was conducted at Sokoine University of Agriculture for determination of 
diagnostic horizon parameters to facilitate the classification process of the soils. The field 
site’s and Pedon’s descriptions were also used to assist the classification of the soils. 
Field conditions, slope phase of the sites were determined using the clinometer. The data 
obtained from the clinometer reading were rated using the guidelines to determine the 
slope phase of the sites. Erosion phase was determined using the guideline that links the 
slope percent and the erosion phase. Available water holding capacity of the soil, 
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undisturbed core sampling was conducted at each pedon in three depths namely 0-5cm, 
45-50cm and 95-100cm. The samples were submitted to ARI Mlingano, national soil 
laboratory for determination of soil water characterization. Sola depths were established 
using the opened pedons. The depth of each pedon was recorded using the measuring 
tape.  
 
Corn suitability rating for the soils of Tanzania (CSR2T).  
Corn suitability for soils of Tanzania can be determined using the equation with 
independent variables like  taxonomic subgroup, family l particle size, field conditions, 
soil water holding capacity and soil depth in relation to tolerable soil erosion, assuming 
climate genetics and management are kept constant.  These factors were symbolized S, 
M, F, W, and D, respectively. The soil taxonomic subgroups classes were designated 
values between 5 and 100; with the 100 value, soil representing the best soil for corn 
productivity and vice versa. The reduction of points from soils rated value in the equation 
depends on existing corn yield limiting factors like slope, erosion and sedimentation, 
channels, flooding, paleosol and ponding (Burras, 2015) 
 
CSR2T = S-M-F-W-D 
Where: 
S = Soils taxonomic subgroup classification 
M = Family particle size class, 
F = Field conditions of a particular site, 
W = Available water holding capacity of soil, 
D = Soil depth factor associated with tolerable soil erosion, 
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Previous maize yield, soil properties and field condition data from Uyole agricultural 
experimental station experiments were used to suggest the CSR2T of the soil mapping 
units 
 
 Results and Discussion 
Results 
 
The four field sites represent important corn producing soils classification for the 
respective regions of SHZT. The detailed results on the suitability rating are shown in 
(Tables 22, 23 & 24). The results indicate the practical success in the corn suitability 
rating for the representative soil of SHZT.  
Table 22: Classification of the representative soils of SHZT  
 
Pedon Id Soil classification 
Seatondale Fine, illitic active, isothermic  Typic Hapludult 
Mbimba Fine, illitic, active,  isothermic, Andic Paleudalf 
Inyala Fine, illitic, active, isothermic, Mollic Paleudalf 
Uyole Pumiceous, mixed, superactive, isothermic, Typic Hapludand 
 
Table 23: CSR2T function variables’ points impact in rating the representative soils of 
SHZT 
 
Pedon Id S-factor  M-factor  F-factor  W-factor D-factor CSR2T 
Seatondale 86 4 10 24 0 48 
Mbimba 89 4 5 24 0 56 
Inyala 90 4 0 24 0 62 
Uyole 100 4 0 24 0 72 
S= Soils Taxonomic subgroup, M= Family particle size classification, F= field condition 
of a particular size, W= Water holding capacity of the soils, D= Tolerable erosion, 
CSR2T= corn suitability rating for Tanzania.
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Table 24: The inherent soil properties of the representative pedons in SHZT 
 
Pedon Id Subgroup 
Water holding 
capacity (mm/m) 
Family 
particle size 
Solum 
depth (cm) 
Field conditions 
Slope 
phase 
Erosion 
phase 
Uyole Typic Hapludand 60 Pumiceous 130+ A O 
Mbimba Andic Paleudalf 56 Fine 117+  B 1 
Inyala Mollic Paleudalf 41 Fine 120+ A O 
Seatondale Typic Hapludult 33 Fine 80+ C 2 
Slope phase: A = 0-2%; B = 2-5%; C = 5-9%.  Erosion phase: 0 = no evident erosion, 1= 
none to slightly eroded, no evidence of exposed B horizon when ploughed 18 to 30cm or 
more of A horizon. 2 = moderately eroded, usually 8 to 18cm of total A horizon.  
 
 
Table 25: Corn yield (t/ha) records from the experimental sites of representative sites of 
SHZT 
 
Year Uyole Seatondale Mbimba Inyala 
2003 6.74  5.81  
2004 5.83  4.73  
2005 9.72   6.92 
2012  5.8   
2013 7.10 6.60 8.30 11.79 
The yield records retrieved from annual research reports at Uyole Research Institute
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Discussion 
 
The representative soil of SHZT can be classified as Ultisols, Alfisols and 
Andisols (Table 22). For these soils, available water holding capacity, soil taxonomic 
subgroup, field condition, and family particle size class seem to limit their 
productivity. However, the AWHC affects the most (Table 23). The soils of Uyole are 
observed to have less inherent soil limitations to corn productivity (Table 23 & 24). 
Generally the soils of SHZT are suitable for corn production, and the investment on 
irrigational farming would maximize the potential productivity of the zone in corn 
production. 
 
Conclusion 
The representative soil samples from Southern Highland Zone of Tanzania 
have provided the empirical evidence that corn suitability rating depends heavily on 
inherent soil limitations for corn productivity. In that case, the study rejects the 
alternative hypothesis, and supports the null hypothesis that the corn productivity in 
the Southern Highland Zone is readily predictable using the corn suitability equation. 
However, the soils of Uyole demonstrated the high productivity potential followed by 
Inyala, Mbimba and lastly Seatondale. Soil water holding capacity, textural class and 
field conditions are the soil properties observed to limit the corn productivity potential 
of the study soils in the Southern Highland Zone of Tanzania. The sola depths were 
observed to be optimal for supporting corn productivity in all the study pedons. 
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The great soil landscape relationships highly influence the soil productivity indices. 
Seatondale site is a relatively high slope landscape soil; the observed corn suitability 
is lower than the other sites.  
 
Recommendations 
 Extensive study to cover more soil mapping units representing the SHZ is 
required to obtain better statistical power for the Southern Highland Zone soil survey 
and corn suitability rating results.  
  The soils of Seatondale require more management attention to improve 
nutrient status and water holding capacity, an initiative to promote the Tanzania’s 
Corn Belt productivity.  
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CHAPTER 6. GENERAL CONCLUSION 
The four representative pedons used in this study are highly variable in terms 
of texture, pH, base saturation and classification. However, they share many 
characteristics such as well drained conditions, reddish B horizons, subangular blocky 
structure, friable epipedons and firm B horizons. The predominant pedogenic 
processes in these pedons that are being used to represent the SHZT are humification, 
translocation, eluviation and illuviation. In addition, the C:N ratio consistently is less 
than 20:1.  Overall, the pedons are deep – at least by East African standards. The 
Uyole, Mbimba and Inyala pedons are considered inherently fertile, which is 
consistent with their classification as Alfisols and Andisols. The Seatondale pedon has 
depleted fertility, as is indicated by its classification as an Ultisol. 
 
The use of pedotransfer functions on the four pedons was successful in that 
their easily measured properties (color, texture, etc.) do seem to successfully  predict 
CEC, AWHC and SOC%; although this study recognizes that using only four pedons 
(and 20 horizons) worth of data is not as scientifically robust as might be desired.   By 
the same token, this study indicates that pedon classification and data can be used to 
make a workable corn productivity rating for the SHZT.    As with pedotransfer 
functions the limitation is that only four pedons are being evaluated.  More 
specifically, it appears corn productivity is readily predictable using the corn 
suitability equation (CSR2T).  
 
 
   
 
 
  
 
  
APPENDIX A: ANALYTICAL DATA FOR SOIL PROFILES  
Profile number: TzSea01 
Region: Iringa 
District: Iringa Municipal Location:  10 m west of the Dar - Mbeya highway 
Map sheet no: 215/ i-iv 
Coordinates: 035º41.873′E, 07º47.502′S                         SMR: Udic  STR: Isothermic 
Elevation: 1537m asl. Parent material: Colluvium derived from weathering of igneous 
rocks. Landform: hill slope. Slope: 7% straight, > 100 m at the footslope position. It is a 
well-drained soil, which allows runoff and some infiltration. There is no ponding or 
flooding. Characterized by sheet (interill) erosion. Natural vegetation type found: trees, 
herbs and grasses. The cropping system practiced: Maize-soybean rotation. 
Described by: Johnson Mtama and Lee Burras on November 26
th
 2014 
 
Ap 0 - 12 cm: greyish (10YR5/1) dry and (10YR3/2) moist; sandy clay loam; soft when dry 
and very friable when moist, none sticky and none plastic when wet; moderate coarse 
subangular blocky structure; many very fine pores; few moderately weathered fine rounded 
granular rock fragments <15%; many very fine roots; abrupt smooth boundary to 
 
AB 12-19 cm: brownish (10YR4/1) dry and (10YR3/2) moist; sandy clay loam; soft when 
dry and very friable when moist, none sticky and none plastic when wet; moderate coarse 
subangular block structures; many very fine pores; few moderately weathered fine angular 
granular rock fragments <15%; many very roots; abrupt smooth boundary to 
 
Bt1 19-30 cm: dark (5YR4/2) dry and (5YR3/4) moist; sandy clay; very hard when dry and 
very firm when moist, slightly sticky and slightly plastic when wet; strong coarse 
subangular blocky structure; many coarse pores; common moderately weathered angular 
fine granular rock fragment >15%; few very fine roots; common thin organoclay cutans; 
clear wavy boundary to 
 
Bt2 30-54 cm: dark yellowish brown (7.5YR4/6) dry and (5YR4/6) moist; sandy clay loam; 
very hard when dry and very firm when moist, slightly sticky when wet; strong medium 
subangular blocky structure; many coarse pores; common moderately weathered angular 
fine granular rock fragment >15%; common thin organo-clay cutans; gradual wavy 
boundary to  
 
Bt3 54-84 cm: dark yellowish brown (7.5YR4/6) dry and (7.5YR4/6) moist; sandy clay 
loam; very hard when dry and very firm when moist, slightly sticky when wet; strong 
coarse subangular block structures; many course pores; common moderately weathered 
round fine granular rock fragment >15%; common thin organoclay cutans; gradual wavy 
boundary to  
 
Bt4 84-110+ cm: dark yellowish brown (7.5YR4/6) dry and (7.5YR4/6) moist; sandy clay 
loam; very hard when dry and very firm when moist; slightly sticky when wet; weak 
prismatic structure; many fine pores. Has moderately weathered angular fine granular rock 
fragments>15%; common thin organoclay cutans. 
Note: Tz=Tanzania, Sea= Seatondale 
 
 
Seatondale profile analytical data 
 
Horizon Ap AB Bt1 Bt2 Bt3 Bt4 
Depth (cm) 0-12 12-19 19-30 30-54 54-84 84+ 
Clay % 7.8 9.8 39.8 33.8 35.8 29.8 
Silt % 3.3 3.3 1.3 5.3 3.3 1.3 
Sand % 89.0 87.0 59.0 61.0 61.0 69.0 
Texture class S LS SC SCL SC SCL 
Bulk density g/cm
3
 1.34 Nd Nd 1.48 Nd 1.58 
AWC        mm/m 40 Nd Nd 31 Nd 29 
pH H2O 1:2.5 6.16 5.98 6.15 6.24 6.21 6.16 
pH KCl 1:2.5 4.75 4.64 4.54 4.92 4.86 5.16 
pH NaF 1:50 7.84 7.49 7.61 7.69 7.65 7.7 
Organic C % 0.65 0.40 0.41 0.25 0.28 0.99 
Total N % 0.06 0.06 0.06 0.04 0.06 0.07 
Avail. P Bray-1  
mg/kg 
10.66 10.41 2.42 1.92 1.83 2.87 
CEC NH4OAc 
cmol(+)/kg 
17.2 20.8 16 18.4 20.6 28.6 
Exch. Ca cmol(+)/kg 4.01 3.46 8.47 6.80 6.80 4.57 
Exch. Mg cmol(+)/g 0.66 0.50 1.56 2.02 1.87 1.67 
Exch. K cmol(+)/kg 0.61 0.19 0.37 0.48 0.99 0.99 
Exch. Na cmol(+)/kg 0.08 0.07 0.09 0.11 0.06 0.29 
TEB cmol(+)/kg 5.37 4.22 10.49 9.42 9.71 7.51 
Base saturation % 31.2 20.3 65.5 51.2 47.1 26.3 
CEC clay cmol(+)/kg 192.7 198.7 36.7 52.0 54.8 84.6 
Cu(mglkg) 2.32 2.83 0.25 0.56 0.45 0.45 
Mn(mg/kg) 27.27 27.27 18.18 24.24 42.42 18.18 
Fe(mg/kg) 106.00 100.00 40.00 52.00 36.00 14.00 
Zn(mg/kg) 17.00 17.00 0.00 1.06 0.68 0.00 
Nd= not determined 
 
SOIL CLASSIFICATION:   
USDA Soil Taxonomy (Soil Survey Staff, 2006): 
World Reference Base for Soil Resources (WRB) (FAO, 2006): 
 
 
Profile number: TzMb02 
Region: Mbeya 
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District: Mbozi 
Map sheet no: 257/ i-iv Location: 20 m west of the Mbeya -Tunduma highway 
Coordinates: 032
o57.29’, E 09o05.31’S                        SMR: udic STR: Isothermic  
Elevation: 1596 m asl. Parent material: Neogene mbuga and alluvium, brown elucial soil, 
laterite, and lacustrine fine sands and silts. Landform slightly inclined plain. Slope: 3% 
straight, > 400m at the footslope position. It is 15 mm thick seal with cracks on the surface. 
It is well drained soil on the surface, which allows run off, and some infiltrations. There is 
no ponding or flooding. Characterized by little sheet erosion (interill) and minimal 
deposition. Natural vegetation type found: grasses. The cropping system practiced: Maize 
soybean rotation. 
 
Described by: Johnson Mtama on October 18
th
, 2014 
 
Ap 0 - 12 cm: Pale brown (10YR4/3) dry and black 10YR3/1 moist; clay; very hard when 
dry and friable when moist, sticky and plastic when wet; very coarse strong subangular 
block structures; many medium pores; few extremely weathered fine rounded granular rock 
fragment <15%; many medium roots; abrupt smooth boundary to  
 
BA 12-50 cm:   brownish (7.5YR 3/3) dry and brown (7.5YR 4/4) moist; clay; very hard 
when dry and friable when moist, sticky and plastic when wet; very coarse strong 
subangular block structures; many medium pores; few extremely weathered fine rounded 
granular rock fragments <15%; many medium roots; clear smooth boundary to 
 
Bt1 50-84 cm: dark yellowish brown (7.5YR 4/6) dry and brownish (7.5YR 3/4) moist; soft 
when dry and very fragile when moist, sticky and plastic when wet; moderate medium 
subangular block; many fine pores; few extremely weathered rounded fine granular rock 
fragments <15%; many fine roots; patchy, distinct medium size redoxmorphic features with 
(10YR3/1) color matrix; thin hypocoats/ patchy clay cutans; clear smooth boundary to 
 
Bt2 84-117 cm: brown (7.5YR 4/4) when dry and wet; clay; soft when dry and very friable 
when moist, sticky and plastic when wet; weak medium subangular block structures; many 
fine pores; few extremely weathered fine rounded granular rock fragment <15%; many fine 
roots; patchy distinct medium size redoxmorphic features with (7.5YR 3/1) color matrix; 
thin hypocoats/ patchy clay cutans; clear smooth boundary to 
 
Bt3 117+ cm: brownish (7.5YR 3/3) dry and brownish (7.5YR 3/4) when moist; clayey;  
soft when dry and very fragile when moist, sticky and plastic when wet; weak medium 
subangular block and some little prismatic structures , subangular block is common; many 
fine pores; highly weathered fine rounded granular rock fragment <15%; many fine roots; 
patchy, distinct medium size redoxmorphic features with (7.5YR 3/1) color matrix; thin 
hypocoats/ patchy clay cutans; 
 
 
 
 
 
 
 
Mbimba profile analytical data 
 
Horizon Ap BA Bt1 Bt2 Bt3 
Depth (cm) 0-12 12-50 50-84 84-117 117+ 
Clay % 41.8 55.8 41.8 51.8 53.8 
Silt % 17.3 13.3 17.3 13.3 13.3 
Sand % 41.0 31.0 41.0 35.0 33.0 
Texture class C C C C C 
Bulk density 1.15 0.88 Nd 0.79 Nd 
AWC        mm/m 66 50 Nd 52 Nd 
pH H2O 1:2.5 5.50 5.88 6.34 6.20 6.40 
pH KCl 1:2.5 4.08 4.38 4.74 4.72 4.66 
pH NaF 1:50 8.47 8.82 9.32 8.89 8.89 
Organic C % 0.84 0.90 0.35 0.35 0.44 
Total N % 0.18 0.06 0.04 0.05 0.06 
Avail. P Bray-1  mg/kg 5.17 1.04 0.71 0.92 1.04 
CEC NH4OAc cmol(+)/kg 36.4 33.0 31.4 21.6 26.0 
Exch. Ca cmol(+)/kg 7.36 10.14 6.80 6.24 6.24 
Exch. Mg cmol(+)/g 1.87 1.39 3.86 2.49 3.23 
Exch. K cmol(+)/kg 2.03 2.41 6.09 7.30 8.12 
Exch. Na cmol(+)/kg 0.07 0.16 0.27 0.28 0.32 
TEB cmol(+)/kg 11.32 14.10 17.02 16.31 17.91 
Base saturation % 31.1 42.7 54.2 75.5 68.9 
CEC clay cmol(+)/kg 80.2 53.6 72.2 39.4 45.5 
Cu(mg/kg) 0.56 0.25 0.25 0.25 0.25 
Zn(mg/kg) 38.25 2.08 78.58 24.48 24.48 
Mn(mg/kg) 269.70 24.24 9.39 10.30 11.21 
Fe(mg/kg) 146.00 96.00 116.00 176.00 118.00 
      
Nd= not determined 
 
SOIL CLASSIFICATION:   
USDA Soil Taxonomy (Soil Survey Staff, 2006): 
World Reference Base for Soil Resources (WRB) (FAO, 2006): 
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Profile number: TzIny03           
Region: Mbeya 
District: Mbeya Urban 
Map sheet no. : 244/ i-iv Location: 500 m East West of the Dar - Mbeya highway 
Coordinates: 033
o38.20’E, 08o51.1’S                         SMR: Udic                   STR: 
Isothermic 
Elevation: 1519 m asl.  Parent material: alluvio-colluvium derived from granitic rocks 
Landform: Alluvio-colluvial plain.  Slope: 1 %, straight, >500 m at toe slope position. It is 
well drained soil on the surface, which allows run off, and some infiltrations. There is no 
ponding or flooding. Characterized by little sheet erosion (interill) and minimal deposition. 
Natural vegetation type found: grasses. The cropping system practiced: Maize –maize 
rotation. 
The top soils were dark to brownish, well drained with sandy clay texture. 
 
Described by: Johnson Mtama on October 23
rd
, 2014. 
 
Ap 0 - 12 cm: brown (7.5YR4/3 dry, very dark grey (7.5YR 3/1)moist; sandy clay loam; 
friable moist, sticky and plastic when wet; strong coarse subangular blocky structures; 
many medium pores; with less than 15% few  fine granular round rock fragment moderate 
weathered; many medium roots; Abrupt boundary to 
 
 BA 12 - 47 cm: brown (7.5YR 4/4) dry, light brownish grey (7.5YR 3/4) moist; clayey; 
firm moist, sticky and plastic when wet; moderate coarse subangular blocky; many medium 
pores; few moderately weathered rock fragment <15) %; many medium roots; few thin 
redoxmorphic features; clear smooth boundary to 
 
Bt1 47 - 78 cm: pale brown (7.5YR 5/4) dry, dark yellowish brown (7.5YR 3/6) moist; 
clayey; firm moist, sticky and plastic when wet; moderate medium subangular blocky; 
many fine pores; common moderate weathered granular round fragments>15%; patchy few 
thin redoxmorphic features; clear smooth boundary to 
 
Bt2 78-120 cm: pale brown (7.5YR 5/4) dry, brown (7.5YR 4/3) moist; clay; firm moist, 
sticky and plastic when wet; moderate medium subangular blocky; many fine pores and few 
fine roots; few moderate weathered granular round fragments<15%; few fines roots; many 
thin redoxmorphic features; clear smooth boundary to  
 
Bt3 120+cm:  dark yellowish brown (7.5YR 4/6) dry, dark yellowish brown (7.5YR 4/6) 
moist; clayey; firm moist, sticky and plastic; moderate medium subangular blocky; many 
fine pores; common moderate weathered granular round fragments>15%; few fines roots; 
patchy thin redoxmorphic features; 
Note: Tz= Tanzania, Iny= Inyala 
 
 
 
 
 
 
 
 
Inyala profile analytical data 
 
Horizon Ap BA Bt1 Bt2 Bt3 
Depth (cm) 0-12 12-47 47-78 78-120 120+ 
Clay % 43.76 45.76 41.76 55.76 43.76 
Silt % 15.28 17.28 19.28 13.28 15.28 
Sand % 40.96 36.96 38.96 30.96 40.96 
Texture class C C C C C 
Bulk density g/cm
3
 1.46 Nd 1.51 1.43 Nd 
AWC        mm/m 40 Nd 40 43 Nd 
pH H2O 1:2.5 6.00 5.92 5.96 6.26 5.46 
pH KCl 1:2.5 4.60 4.38 4.34 4.52 4.50 
pH NaF 1:50 8.16 8.19 8.13 7.99 8.03 
Organic C % 0.84 0.90 0.35 0.35 0.44 
Total N % 0.18 0.06 0.04 0.05 0.06 
Avail. P Bray-1  mg/kg 12.50 2.29 1.42 1.58 1.04 
CEC NH4OAc cmol(+)/kg 19.6 18.4 22 23.8 20.4 
Exch. Ca cmol(+)/kg 12.93 11.26 9.03 6.24 8.47 
Exch. Mg cmol(+)/g 3.41 2.55 2.46 2.20 2.67 
Exch. K cmol(+)/kg 1.14 0.72 1.50 1.50 1.66 
Exch. Na cmol(+)/kg 0.11 0.20 0.42 0.22 0.22 
TEB cmol(+)/kg 17.59 14.72 13.41 10.16 13.03 
Base saturation % 89.7 80.0 61.0 42.7 63.9 
CEC clay cmol(+)/kg 19.6 18.4 22.0 23.8 20.4 
Cu(mglkg) 0.56 0.35 0.35 0.25 0.25 
Zn(mg/kg) 64.64 61.37 119.38 35.74 38.25 
Mn(mg/kg) 218.18 178.79 169.70 190.91 196.97 
Fe(mg/kg) 228.00 208.00 200.00 194.00 222.00 
 
SOIL CLASSIFICATION:   
USDA Soil Taxonomy (Soil Survey Staff, 2006): 
World Reference Base for Soil Resources (WRB) (FAO, 2006):
9
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Profile number: TzUy04           
Region: Mbeya 
District: Mbeya Urban 
Map sheet no. : 244/ i-iv Location: 600 m SE of the Dar - Mbeya  highway 
Coordinates: 033
o30.98’E, 08o55.04’S         SMR: Udic                     STR: Isothermic 
Elevation   : 1779 m asl.  Parent  material: Rungwe volcanic ash (Tuffs to phonolitics and 
younger basalt). Landform: Alluvial-colluvial plain.  Slope: 1 %, straight, >100 m, upper 
slope. Surface characteristics:  Erosion: slight sheet erosion.  Deposition: minimal. Natural 
drainage class: well drained. Land use: Maize-maize rotation.  
The topsoils were dark to brownish, well drained with sandy clay texture. 
 
Described by: Johnson Mtama and Mzimbiri on October 15
th
 , 2014. 
 
 
 
Ap 0 - 20 cm: pale brown, 7.5YR (4/3) dry, very dark grey (7.5YR 3/1) moist; sandy clay 
loam ; hard dry, friable moist,  slightly sticky and slightly plastic; weak fine and moderate 
subangular blocky; many medium pores; few  fine rock fragment<15%; many fine and 
medium roots; abrupt smooth boundary to  
 
BA 20 - 30 cm: light brownish grey (7.5YR 3/4) dry, greyish brown (7.5YR 3/2) moist; 
sandy clay loam; hard dry, friable moist,  slightly sticky and slightly plastic; moderate 
coarse subangular blocky; medium and fine pores;  many rock fragment between (15-
35)% ; medium and roots; gradual irregular boundary to  
 
CB 30 - 130 cm: light grey (7.5YR 8/1) dry, light grey (7.5YR 8/1) moist; gravely sandy 
clay loam; very friable non sticky moist, none sticky and none plastic when wet; 
structureless massive; many medium pores  ;with many  volcanic angular rock fragments 
over 90%; and many very fine roots; gradual smooth boundary to  
 
2Bt 130+ cm: dark yellowish brown (7.5YR 3/3) dry and brown (7.5YR 4/3) moist; sandy 
clay loam; friable moist,  sticky and plastic wet; weak coarse and moderate course 
subangular blocky; many medium and fine pores; common, medium and coarse weathered 
irregular and round pumice fragments.  
Note: Tz= Tanzania, Uy= Uyole. 
 
 
 
 
 
 
 
 
 
Uyole profile analytical data 
 
Horizon Ap BA CB 2Bt 
Depth (cm) 0-20 20-30 30-130 130+ 
Clay % 25.8 33.8 25.8 29.8 
Silt % 23.3 17.3 21.3 19.3 
Sand % 51.0 49.0 53.0 51.0 
Texture class SCL SCL SCL SCL 
Bulk density g/m3 0.99 Nd 0.80 Nd 
AWC        mm/m 50 Nd 70 Nd 
pH H2O 1:2.5 6.78 7.20 7.02 7.40 
pH KCl 1:2.5 5.02 5.00 5.12 4.92 
pH NaF 1:50 8.04 8.06 7.99 7.98 
Organic C % 1.52 0.89 0.13 0.34 
Total N % 0.12 0.07 0.04 0.04 
Avail. P Bray-1  mg/kg 11.17 1.37 1.46 1.54 
CEC NH4OAc cmol(+)/kg 22.8 24.2 24.4 21.6 
Exch. Ca cmol(+)/kg 16.83 12.93 8.47 10.70 
Exch. Mg cmol(+)/g 3.37 2.88 2.67 3.07 
Exch. K cmol(+)/kg 0.62 5.42 10.83 13.84 
Exch. Na cmol(+)/kg 0.27 0.45 1.41 2.06 
TEB cmol(+)/kg 21.10 21.68 23.38 29.67 
Base saturation % 92.5 89.6 108.3 121.6 
CEC clay cmol(+)/kg 68.0 62.5 93.0 68.6 
Cu(mglkg) 0.25 0.76 0.25 0.25 
Zn(mg/kg) 26.56 307.06 245.48 6.12 
Mn(mg/kg) 157.58 166.67 106.06 66.67 
Fe(mg/kg) 136.00 160.00 158.00 80.00 
 
SOIL CLASSIFICATION:   
USDA Soil Taxonomy (Soil Survey Staff, 2006): 
World Reference Base for Soil Resources (WRB)(FAO, 2006): 
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 APPENDIX B: PEDON’S SECTIONS OF THE STUDY SITES 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Figure 10: Soil profiles pictures of the study sites 
 
 
 
 
 
Plate 1: Inyala 
Seatondale Uyole 
Mbimba Inyala 
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Figure 11: Johnson and Lee describing the profiles of representative soils of SHZ 
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Figure 12: Johnson and other graduate students running the soil samples laboratory 
analysis
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APPENDIX C: QUANTIFIED CORN RATING PARAMETERS FOR THE SOIL OF 
SHZ 
 
Table 26:  The S-factor for subgroups recognized in this study.  Subgroup arrangement is 
alphabetical  
 
Pedon Id S Subgroup Justification 
Uyole 100 Typic Hapludand Same as Typic 
Argudoll in Iowa 
Inyala 90 Mollic Paleudalf  Same as Mollic 
Hapludalf in 
Iowa 
Mbimba 89 Andic Hapludalf Same as Typic 
Hapludalf in 
Iowa 
Seatondale 86 Typic Paleudult Similar to Typic 
Paleudalf in 
Iowa 
 
Table 27:  M-factor point values used in rating the representative soil of SHZT 
 
M-factor  Family Particle Size Classification 
  
0 Fine-silty 
0 “Organic soils” 
4 Clayey 
4 Fine 
4 Fine-loamy 
4 Very-Fine 
12 Coarse-loamy 
12 Coarse-silty 
12 Loamy 
35 Sandy 
35 Mixed (in a udipsamment) 
35 “Mesic” (in a quartzipsamment) 
 
  
104 
 
 
  
 
Table 28:  F-factor values associated with field conditions for representative soils of 
SHZT   
 
Field condition F-factor (i.e., CSR point reduction) 
Slope 0 point reduction for A slope class, 
5 point reduction for B slope class, 
10 point reduction for C slope class, then, 
3 point reduction per median 1% slope for D and steeper classes 
 
Erosion and 
sedimentation 
3 point reduction for “moderately” eroded 
 
Severely eroded SMU’s do not have an F-factor.  This occurs to 
prevent a duplicate reduction in CSR points from occurring given they 
are “adjusted” in the D-factor, which is based on the RUSLE2 T factor. 
 
Channels 0 point reduction for none  
40 point reduction 
 
Flooding  
 
 
 
 
 
 
 
 
0 point reduction for “none” or “rare” 
4 point reduction for “occasional very brief” 
6 point reduction for “occasional brief” 
10 point reduction for “occasional long” 
20 point reduction for “frequent very brief” 
25 point reduction for “frequent brief” 
34 point reduction for “frequent long” 
 
Paleosols 
 
10 point reduction for soils that are described as “paleosol” on OSD 
 
Ponding 0 point reduction for none  
44 point reduction for “ponded” long duration 
20 point reduction for “ponded” brief duration 
 
 
 
Table 29:  W-factor values used for rating the representative soils of SHZT 
 
Available water holding capacity to 150cm (1.5 m) depth W factor 
23 or more cm of available water  0 
15to 23cm of available water 8 
8 to 15cm of available water  12 
Less than 8cm of available water  24 
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Table 30: D-factor values of the representative soil of SHZT   
 
If RUSLE2 calculated T factor is 5 T/acre (there is a 0 point deduction. 
If RUSLE2 calculated T factor is 4 there is a 10 point deduction. 
If RUSLE2 calculated T factor is 3 there is a 20 point deduction. 
If RUSLE2 calculated T factor is 2 there is a 30 point deduction. 
If RUSLE2 calculated T factor is 1 there is a 40 point deduction. 
 
Modified from table of CSR2 equation factors. 
